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The Reconstruction of the old Chain 
Bridge at Newburyport, Mass. 


By Epwarp C. SHERMAN* 


It is seldom that a bridge of any considerable size, 
carrying the traffic of a populous region, has a useful 
life of a full century, and it was not strange therefore 
that when the so called Chain Bridge over the Merrimac 
River at Newburyport, Mass., was declared unsafe and 
plans for a new structure were discussed, there was a 
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strong popular demand for the retention of all its dis- 
tinctive features, including the wooden towers and the 
iron suspension chains. 

Specifications for a new bridge were accordingly pre- 
pared, providing for steel towers to be inclosed in a 
restored wooden framework with sheathing and shingl-s 
essentially like the wooden towers of the old structure. 
It would appear, however, that the County Commission- 
ers or their engineer realized the fickleness of popular 
opinion, for alternate specifications were prepared at the 
same time calling for building the entire towers of re- 
inforced concrete, although in this case, too, the general 
form of the ancient wooden ones was to be retained, ex- 
cept that the two arched openings which show so well 
in the photograph (Fig. 1) were to be merged into one, 


adapted to the single roadwxy which was to replace the 
double ones. 


*Civil Engineer, 6 Beacon St., Boston, Mass. 
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In both specifications provision was made for rehang- 
ing the old chains, although they were to be merely 
ornamental as they were to be adjusted so as to carry 
little or no load. 

The old Chain Bridge was fully described by Prof. A. 
P. Mills in ENarneertna News, Aug. 3, 1911, p. 129, 


in an article on the physical and chemical tests which 
were made upon some of the links from the old chains 
It appears desirable, nevertheless, to repeat the following 
quotations from the Newburyport Herald of Dec. 14 
1810: 
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THe CHaAIn Brince at Newseuryport, Mass. 


The chain bridge recently thrown over the Merrimac, three 
miles from this town, is now open for the accommodation of 
travelers. It consists of a single arch of 240-ft. 
40 ft. at its greatest elevation above the water. The abut- 
ments are constructed entirely of rough and split stone, the 
whole quantity being 4000 tons. On the abutments at each 
side of the river, framed piers are erected and capped with 
stout timbers to support the chains from which the flooring 
of the bridge is suspended. The whole quantity of iron used 
in chains, ete., is 22 tons. The whole flooring admits two 
passages 15 ft. wide, rises 2 ft. in the center, is firmly con- 
nected and strengthened by stout railings and has a very 
light and agreeable appearance. The principle upon which 
this work was constructed was invented by James Finley and 
patented by him in 1808. 


span and 


The history of the old bridge is rich in romance and 
tradition, for Newburyport, at the time of its construc- 
tion, was a great trading and privateering port and the 
surrounding country was peopled with daring seamen 
Whittier lived and wrote in Amesbury, the town on the 
northern end of this bridge, and the home of Harriet 
Prescott Spofford was near by. L. W. Moore, the notori- 
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ous bank robber, tells in his autobiography, of hiding the 
loot from the Northampton Bank, amounting to $700,- 
000, in one of its hollow piers. 

By the time that construction was to begin on the 
new structure, the public demand for the reproduction 
of the distinctive wooden towers and for the retention of 
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the iron chains had subsided so far that it was found 
possible to proceed under the alternate specifications with 
the construction of a modern bridge. It was built in 
accordance with the general plan (Fig. 3), except that 
the old chains were entirely omitted. 

The contract plans called for a new south approach, 
to replace the timber trestle (Fig. 1), to be made of 
reinforced concrete in cellular form with 12-in. walls. 
Further consideration of the probable effect of tidewater 
upon these thin walls led to the substitution of massive 
concrete walls of gravity section, made of 1: 3:6 concrete 
and faced with 6 in. of 1: 2:4 concrete. Their design 
and construction offered no difficulties, as they rest on 
ledge rock and their bases are above the low-water line. 

The ledge at this end of the bridge occurs at only a 
few feet below the surface of the ground so that the 
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and wrapped, enough wires being used to make wu; 
area of 12 in. of metal in each pair of cables, T 
was required to have an ultimate strength of not |, 
200,000 Ib. per sq.in., an elongation of not |e« 
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214% in a length of 5 ft. and of not less than 5% in a 
length of 8 in. 

It was required that in making the cables, any wires 
which had to be spliced should be joined so as to develop 
at least 95% of the strength of the wire. 

In order that each pair of cables might be of exactly 
the same length and that no adjustments might be neces- 
sary, they were made on the ground by winding the wires 
back and forth around two heavy concrete posts, set in 
the ground at a distance apart exactly equal to the total 
distance between the anchorage pins. When enough 
strands of wire had been laid down to provide the re 
quired area of steel, sufficient “cable-shield” was applied 

to fill all the interstices between them and the whole 
cable was wrapped with soft-iron wire, wound on by 
machine. The cables were painted after erection. 
SM 
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Fig. 4. Secrion THrRouGH ROADWAY 


cable anchorages were likewise built directly upon it. At 
the north end ledge rock was not encountered and a 
stepped form of anchorage was adopted. 

The new reinforced-concrete towers which support the 
saddles for the cables, have somewhat the form of the old 
wooden towers. They were built directly upon the old 
stone piers and are hollow, access to the interiors being 
by doorways in the ends (Fig. 5). 

The cables are made up of a large number of smal! 
wires, about 44-in. in diameter, laid parallel to each other 


The method of attaching the wire-rope suspenders to 
the ends of the floor beams is clearly illustrated in Fig. 
4, which shows a cross-section of the floor system of the 
bridge. The stiffening trusses, to which the floor beams 
are riveted are pin-connected at the middle of the span. 

The new bridge was built by the Holbrook, Cabot an: 
Rollins Corporation, as contractors, under the direction 
of the County Commissioners of Essex County. Robert 
R. Evans had direct charge of the work as County En¢i- 
neer, and Prof. George F. Swain, of Harvard University. 















-ember 25, 1913 





nsulting engineer. Fig. 2 is a view of the new 


wa 


hei» taken from practically the same point as that of 
the old in Fig. 1. The duplication of effect is marked. 
3 
Causes of Wear and Deterioration of 
Roadways * 


BY LAURENCE J. HEWES? 


\t the present time in the United States there exists no 
standardized method for measuring either the wear or de- 
terioration of our highways. In fact, traffic, which is the 
fundamental phenomenon in the highway domain, still lacks 
a standardized unit of measurement. 

It is quite possible that at the present time the taking 
of state-wide traffic censuses is not economically justified, but 
it must be admitted that any deductions as to the wear of 
roads are necessarily unsound unless they are made with due 
regard to the service of the road. 


MACADAM ROADS 


With reference to the wear of water-bound macadam 
roads, reliable statistics are on record in the reports of the 
Massachusetts Highway Commission. These reports show the 
behavior of 55 separate sections of macadam road during an 
interval of six years ending in 1907. Since the year 1907, pub- 
lished information has been almost totally lacking. The 
method of measurement of annual wear reported for Massa- 
chusetts is indirect. The roads in question were allowed to 
wear until they required general resurfacing. The amount 
of stone required for resurfacing is accurately recorded in 
short tons. The dates of original construction and of resur- 
facing fixed the interval of wear. The square yards resur- 
faced are accurately known. It is then possible to deduce an 
annual coefficient of wear in tons per square yard. Such a 
coefficient accurately computed from the behavior of the 55 
roads in question is approximately 0.023 ton per sq.yd. per 
year. The corresponding traffic upon these roads during this 
interval is not known. The closest index of the traffic 
is obtained from the traffic census taken throughout the 
state during the months of August and October in 
1909 at 287 stations. The daily traffic in August was 
83 Nght vehicles and 76 heavy vehicles; in October, 69 
light vehicles and 75 heavy vehicles, with an automobile 
traffic of 115 and 77 in the respective months. What we are 
able to derive from the records of Massachusetts checked by 
similar figures in New York State and elsewhere, is the fact 
that water-bound macadam roads wore out after an interval 
of between six and seven years so that they required resur- 
facing. The Massachusetts roads, whose records must be 
given due weight, were largely surfaced with trap rock. 

Observations during the past few years apparently justify 
a conclusion that much importance attaches to the proper 
placing and rolling of broken stone in a macadam roadway. 
It may be observed in many places in New England that 
water-bound macadam roads have successfully withstood the 
traction of automobile traffic for a number of years. In 
almost every instance these roads have been laid down by 
men of exceptional skill and experience. It appears to be 
true that the older macadam roads well seasoned or cured 
did not suffer under automobile traffic as did the newer built 
sections. It is quite plain, therefore, that water-bound mac- 
adam construction must secure, if possible the effect of cur- 
ing at the time the courses are put in place. 

An important fact that has presented itself in the past five 
years in regard to water-bound macadam roads is the diffi- 
culty in making repairs and in proper marntenance without 
converting the water-bound macadam road into a bituminous- 
bound surface. It cannot be denied that with a great shear- 
ing force along the surface, the old-fashioned patch is a 
thing of the past. Bither water-bound macadam roads must 
be surfaced and treated with some bituminous material, or 
they must be allowed to wear until complete resurfacing is 
justified. To the volume of traffic, however, as well as to the 
nature of the traffic, must be attributed the increased wear of 
water-bound macadam roadways. 


CONCRETE ROADS 


The most striking observation concerning the wear and 
deterioration of concrete roads is that such roads have ap- 
parently so successfully resisted wear and deterioration that 
they are now freely built throughout the country. It does 





*From a r presented before the Permanent Interna- 
tional Association Pf Road Congresses, London, June, 1913. 


tChief of Economics and Maintenance, U. S. Office of Pub- 
lic Roads, Washington, D. C. 
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not appear that one of the hypothetical objections to con- 
crete roads, namely, the injurious effect upon horses’ feet, is 
urged to any extent by the users of the road. There is, how- 
ever, a prejudice against the noise of hoofs on concrete in 
larger towns and the surface is often slippery. There are few 
observations concerning concrete roads which may be con- 
sidered valid for all such roads. Perhaps the most nearly 
universal characteristic of wear and deterioration is the 
tendency to crack. 

The principal objection to the cracking of the roads is 
because the cracks act as points of wear. Extensive crack- 
ing is also unsightly in cities. The tendency to crack has 
been combated with considerable success by the use of ex- 
pansion joints (or more correctly contraction joints), at 
distances varying from 20 to 100 ft. Unfortunately, the con- 
traction joints become points of wear, as may be observed 
on the older sections where worn joints have been repaired 
with bituminous material. The wear apparently is due to 
the abrasion caused by iron-shod traffic. Metal-protected 
joints placed with fins let into the roadbed during construc- 
tion have been used with success in Michigan. It is probable 
that exact measurements on concrete roads four or five years 
old would show uniform wear, but in many cases except at 
joints and cracks such wear is not visible in any ordinary 
inspection. There have been, however, some important ex- 
ceptions where the construction was inferior. 

There is, apparently, no damage caused by the action of 
rubber-tired motor vehicles. As far as has been observed, 
the greatest deterioration of concrete roads is caused by de- 
fective construction. On a concrete road in Ada County, 
Idaho, are bad ruts beginning to show after one year through- 
out at least 50% of the length of the road. These ruts are 
plainly caused—at least in part—by the presence of excessive- 
ly large stones in the gravel aggregate used in construction 
of the wearing surface. 

The concrete approaches to the Potomac River Bridge at 
Washington, D. C., have caused a great deal of trouble, owing 
apparently to cracking of the roadbed, due to settlement of 
the fill. The method of repair has consisted in removing by 
hand labor with drills the entire depth of concrete in patches. 
The cavities are then carefully replaced and the surface 
brought flush with the surrounding roadway. The expense 
of this operation, under ordinary circumstances, would be 
prohibitive. 

The extreme difficulty in making repairs on the concrete 
roadway itself justifies, therefore, most careful methods in 
construction and warrants the use of a concrete mixture of 
known behavior. There is reason to believe that where the 
concrete road has been protected with a moist covering for 
ten days or more while setting, the tendency to crack has 
been diminished and the quality of concrete much improved. 

The use of thin coats of bituminous material and fines on 
the concrete roadways is as yet in an experimental state. 
Apparently thin coats of favorably prepared tar adhere longer 
than do some of the asphaltic preparations. Under heavy 
traffic, particularly iron-shod traffic, paint coats of bitumin- 
ous material on concrete have been observed to peel quickly 
and extensively, especially in cold weather. The use of this 
particular method of surface construction has, however, been 
of too short duration to warrant final conclusions as to it 
suitability at this time, but it apparently cannot last more 
than two seasons. It seems quite probable from present in- 
dications that bituminous-wearing coats are desirable but ac- 
curate determinations of the economical thickness is still 
lacking. 


BITUMINOUS-BOUND MACADAM ROADS 


Under this heading we must include all forms of broken 
stone road construction in ‘which a bituminous-binding ma- 
terial is used in any way. The most definite lesson is in re- 
gard to the cost of annual maintenance. There are suffi- 
cient statistics to warrant assumption of a probable square 
yard cost for maintenance per year at from four to eight 
cents. If we can assume that this charge supplies absolute 
maintenance, that is to say, if we can consider the life of 
the road as indefinitely prolonged, the ultimate cost of high- 
ways, in view of the increase in traffic, has not been much 
increased by the change in construction since 1906. It was 
very easy to overlook the cost of general resurfacing of 
water-bound macadam roads in figuring annual maintenance 
charges. If the resurfacing operation at intervals of 6.5 years 
had been made an annual charge against the old water-bound 
macadam roads, the total annual cost of upkeep would have 
been not far from 5c. per sq.yd. per year. Of course, at pres- 
ent we cannot say that bituminous macadam roads will not 
in time require considerable resurfacing, even though such 
roads were originally perfect, but the period before resurfac- 
ing will doubtless be longer than the former life of the 
water-bound road. 
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Some of the common methods of wear and deterioration 
are bleeding, crumbling in patches, pitting of the surface— 
which allows water to collect, the formation of broad shallow 
ruts and general raveling of the skin or road “enamel.” 

Although it is true that bleeding on the bituminous-bound 
concrete road may take place at a considerable interval after 
the road is finished, it is usually a defect of construction 
rather than a phenomenon of wear. It is generally under- 
stood that automobile traffic on a green bituminous road 
tends to bring up bituminous materials. The general treat- 
ment of excess of bituminous material on a road surface has 
been to apply fines as a blotter In some instances there 
results a weak crust which tends to develop planes of cleav- 
age, particularly in the early spring following the treat- 
ment 

Crumbling itn patches observed. This form of 
deterioration is apparently likely to present itself where 
the broken stone near the surface is large and with its voids 
imperfectly filled. Crumbling may occur for many other 
causes, among which have been observed the lack of sufficient 
binder, nonuniform stone and Insufficient rolling. 

Pitting of the road surface will occur in bituminous con- 
atruction, Just as much care is needed on the subgrade and 
in the method of dumping and apreading stone and in roll- 
ing the same as was formerly used in a first-class water- 
bound construction. Pitting may be a worse defect on bi- 
tuminous roads because it affords an opportunity for water 
and ice action on a positive binder : 

Cases of general ravel of the superficial layer of bitumin- 
ous-bound roads are becoming infrequent, They are mani- 
festations of defect of construction, or of continued neg- 
lect In most instances. It is quite generally evident that 
bituminous-bound roads in the northern latitudes of the 
United States undergo a continuous though slow deteriora- 
tion from year to year, in some prarie sections the goil 
tracked on the roads appear to emulsify bituminous material. 
A most common form of deterioration appears to be a ten- 
dency for a bituminous binder to become lifeless or “short,” 
and for flaking to take place 


has been 


BRICK ROADS 

There are probably few cases on record in America where 
brick roads have actually worn out Brick roads deteriorate 
but, in most instances, by the chipping of the bricks and the 
formation of spots and holes under the action of lron-shod 
traffie With the use of a cement grout filler and the selec- 
tion of better brick, the chipping of brick pavements and the 
formation of holes has decreased, It is becoming more com- 
mon to use a solid concrete foundation course for brick pave- 
ments and this practice hag almost entirely done away with 


# 


. because transverse cracks are kept closed. 
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defects in the foundation. Perhaps in no other form « 
construction has more refinement in method develop 
ing the past five years than in vitrified 
struction. 

From the standpoint of wear and deterioration, 
brick pavement appears to rank with concrete and 
possibly be more enduring and less dusty. Wher st 
tracks are present, it has been found that brick pa 
sometimes crack parallel and adjacent to the track 
cracking can be avoided if the rails are left free ¢ 
under the action of the passing car. It is also po 
make the construction of the track sufficiently mas 
avold cracks due to depression. Immediately after ev 
tion, transverse cracks have sometimes been observe. 
ticularly where there is a wide range of temperatu) 
cracks become points of wears and may cause chippin 
newly grouted brick roads have been observed to 
traffic was allowed on them too quickly. There is eyo, 
son to belleve that cement-grouted brick pavement wi! 
ter withstand wear and deterioration if it is 
and moist until the mortar has had time to 
say for a week or ten days. 

Some valuable observations 
pavements are recorded by James E. Howard, of th. 
Bureau of Standards.t Mr. Howard's measurements sx} 
that a progressive change in length of the pavement | 
to alternate changes of temperature and that open ¢ 
become partly filled with abraded material and are prevented 
from closing with the rise in temperature. It is desirabl. to 
avoid a wide range of temperature on newly construct 
brick pavements. Moreover, it appears that a certain amu 
of compressive stress in a longitudinal direction is beneti: 
Numerous cases 
are reported where brick roads have deteriorated because of 
the lifting of the brick road at transverse joints when th: 
road expands longitudinally with a rise of temperatur Im 
proved results have followed the entire omission of trans 
verse expansion joints. Under ordinary longitudinal com 
pression with Increase of temperature, spalling does not « 
eur, 

The cost of maintenance of well laid brick pavements, as 
far as it has been made a matter of record, is remarkably 
low. There are many brick roads in America constructed tn 
the decade beginning with 1891 which are atill serviceabk 
and some of them in very good condition. It is not apparent 
that frost or anow does any damage to a brick road, certainly 
rubber-tired vehicles cause no measurable wear and the effect 
of sun or variation of temperature can be largely minimized 
by proper construction, There is a tendency for all bri 
roads to creep outward on curves, due to the expansion with 
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Chinese Famine and Proposed Flood Prevention’ 


By CHarves Davis JAMESONt 


Hundreds of thousands of dollars have been poured 
into China for famine-relief work. Large sums have 
been contributed by the Chinese government. In 1911 
the American Red Cross organization and the U. 8. De- 
partment of State decided to have an engineering exami- 
nation made of the great flood and famine region with a 
view to formulating preventive measures, In the report 
here abstracted Mr. Jameson gives the results of pre- 
liminary studies of the causes of the floods and the means 
for their prevention. 

In those portions of Anhui and Kiangsu which lie north 
of the Huai River, the Hungtse Lake and the old bed of the 
Yellow River, south of the Province of Shantung and the 
present bed of the Yellow River, and extending east and 
west from the sea to the Ke River, is a section of country 


which has known but little rest from floods and subsequent 
famines for the last 2500 years. 

This section ts a portion of China's great alluvial plain, 
extending from the mountains on the West to the sea, and 
from Shan-hai-kwan to Hanchow. All of this plain is in 
process of building; no part is finished, but the least finished 
portion is that mentioned above, and the changes which are 


*Condensation of a preliminary report on “River, Lake and 
Land Conservancy in portions of the Provinces of Anhui and 
Kiangsu, North of the Yangtsze River,” dated July, 1912. 


tAmerican Red Cross Engineer to China, Peking, China, 


going on in this section form one of the most interesting ex 
amples of continent building at present in existence 

What adds to the interest of Nature's work going on here 
is the fact that we have the history of this section—physical 
geogpaphical and human—for the last twenty-five centuries 
at least. Authentic records show the changes in the 
channels, the swinging north and south of the Yellow 
which during that time has passed into the sea at 
points between Shanghai and Tientsin, also that one time 
some twenty centuries ago—much of the water of the 
Yangtsze went into the sea at Hanchow, while another por- 
tion flowed north into the Huai River and thence to the sea, 
down the now called old’ bed of the Yellow River, ten 
turies before the Yellow River made its last visit south 

In addition, the records of the various cities and districts 
give the years of flood and famine and the amount and 
kind of rélief given to the sufferers; taxes remitted yeu! 
after year, millions of ounces of silver and tons of free grain 
The records also show more or less the work done to prevent 
the floods, or at least many of their evil effects, and in these 
records of the work the most noticeable fact is, that while 
enormous sums were appropriated for the building of dams 
dikes and embankments to hold and confine the water and 
to safeguard certain restricted areas, comparatively little o: 
nothing was done to deepen channels or furnish means [o' 
the free and quick passage of the water to the sea. The 
lower reaches of the rivers were allowed to silt up until 
there was no adequate outlet, the embankments were raise’ 
the unprotected areas were flooded, and eventually the em- 


t“Engineering News,” June 20, 1912, p. 1172. 
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kments were broken, and floods and death and famine 
rwed, and with this came immense appropriations for the 
vir of these embankments, until one can almost believe 
truth of the old Chinese saying regarding the conditions 
ich have obtained for centuries on the Yellow River, “how 
ould we get paid for catching the tiger if he never escaped?” 
modern works of this description the object is not only 
+ to catch and confine this tiger, but to allow him to 
ape by a well prepared and most obvious road as quickly 
possible. 
During the last ten or twenty years the frightful suffering 
to these floods has been brought to the notice of western 
‘tions through the foreign missionaries, and year after year 
indreds of thousands or even millions of dollars have been 
soured into China for the relief of the sufferers, three-quar- 
te rs from the United States and most of the remainder from 
canada. Year’ after year this money from outside has gone 
to feed China’s starving millions, and much of China's money 
has gone the same way, but in all these years China has not 
made one single effort to have the cause of these almost an- 


TOUTE Boundaries of the Famine and Flood Region 
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examination of this flood and famine region, with a view to 
designing some scheme by means of which the flood level 
could be lowered, the rivers properly trained, and the swamps 
and shallow lakes drained and made available for agriculture 
Through the American Legation in Peking this offer was con 
veyed to the Chinese Government, which accepted it with 
much pleasure, stating that it would furnish all the assist 
ance the American Engineer might need in the way of survey 
parties, ete., and would also pay the field expenses of such 
parties and the expenses of the American Engineer from th: 
time of the arrival in China until his preliminary examina- 
tion and work were completed, the National American Red 
Cross paying the salary of the engineer sent IT had the 
honor to be appointed by the National Committee of the 
American Red Cross with the approval of the Department 
of State for this work, and arrived in Peking on July 16, 1911 

The area to be studied covers approximately 100,000 sq.mi 
(See map, Fig. 1). It contains portions of four provinces 
Shantung. Honan, Anhui and Kiangsu, and lies between the 
Yangtsze River on the south and the Yellow River on the 
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Fie. 1. Map or THE FLOOD AND FAMINE ReGIon or CHINA 


nually recurring floods investigated, and to ascertain whether 
it were not possible to lower the flood level and thus do away 
with the cause of the famines. 

The floods have so increased in frequency and the famines 
in acuteness that now, over the whole area under considera- 
tion, the farmers do not average more than two crops in 
five years, where, if the floods were eliminated, the normal 
condition would be two large crops each year, and this loss 
is an ever increasing one. There is but small chance for the 
people to recuperate. Year after year they plant and the 
crops are lost. Then there comes a year when there is no 
seed to plant, then no animals with which to plough, then 
no ploughs or other farm implements; the house furniture 
follows, sold for food or used for fuel; then two families 
move into one hut, and the extra hut goes for fuel with 
which to boll weeds and the bark of trees; this gone the 
people steal, murder, beg, and often resort to cannibalism, 
and thus one of the richest agricultural sections in China is 
in such a condition that even robbers are becoming 4dis- 
couraged. No work of any kind is done to improve the rivers, 
the upper reaches are grown up with reeds, and plants, and 
the water cannot get away but spreads over the land, making 
swamps where once were rich fields. 

During the summer of 1911 the National Committee of the 
American Red Cross and the Department of State decided 
that an engineer should be sent to China to make a thorough 


north, and within it is the Flood and Famine Region on North 
Anhui and North Kiangsu. 

CLIMATE—The climate is of a mild and temperate char- 
acter, the thermometer ranging from a maximum of 100° F 
to a minimum of 20° F. The winter is short; the ground 
freezes to a depth of from 2 to 3 in., and none of the rivers 
or lakes become covered with ice. 

The soil is a light alluvial and of great richness, with 
the exception of some fifteen miles along the sea coast, where 
the elevation is not as yet sufficient to free it from salt. 

RAINFALL—tThe rainy season is during June, July and 
August. Some rains occur during April and are of much 
benefit to the crops. The rainfall is ample, and when the 
rivers have been properly cleaned and regulated and pro- 
vided with outlets, all ordinary floods will be eliminated. 

It is impossible to ascertain the average number of inches 
per normal year, as no records have been kept, but the Chin- 
ese records show that years of drought are almost unknown. 

In June, 1910, there was a local downpour in the region 
of Sze-chow, lasting some 42 hours, during which it was esti- 
mated by the Divisional Engineer of the Tientsin-Pukow 
Ry. that 24 in. of water fell. 

AGRICULTURE AND INDUSTRIES—This entire area is 
strictly one of agriculture. There are no industries of more 
than local importance, and the existence of these is due en- 
tirely to the lack of means of transport. 
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The most important staple agricultural products ef North 
Anhui and North Kiangsu are wheat, oil bean and tall millet. 
There is an abundance of good fruit in season, cherries, apri- 
cots, peaches, pears, grapes, small melons and water melons. 

RIVERS AND LAKES OF THE FLOOD REGION—The 
main river systems of the flood region are three, viz., the Shu 
River, the Yi River and the Huai River. 

The Hungtze Lake, which is merely the backwater of the 
Huai River, due to its lack of suitable outlet, has an approxi- 
mate area of 450 sq.mi. The greater portion is less than 
4 (7?) ft. in depth at normal low water, the deepest part being 
along the southern shore, the old channel of the Huai River 
when it had free access to the sea, before 1300 A.D. 

The Shu and Yi Rivers are distinctly torrential in char- 
acter. Rising in the deforested mountains of Shantung, a 
section subject to heavy rains, the upper reaches of these 
rivers have a steep fall, and the lower reaches, after passing 
into the alluvial plain, a fall of but a few inches to the mile. 
In the case of the Shu its course to sea is long and winding 
through this alluvial plain, a distance of 85 miles. The last 
twenty miles near Haichow are much silted up, and the con- 
sequence is that after a heavy rainfall in the deforested 
mountains, where there is nothing to absorb the water, it 
rushes down the steep incline of the upper reaches in a tor- 
rent, and upon reaching the flat country with the channel 
more or less silted up and in no way equal to the rapid carry- 
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ing off of the large amount of water forced into it, the banks 
are overflowed and the country flooded, until it becomes one 
vast shallow lake. Eventually the water passes to the sea 
by innumerable and unsurveyed canals and creeks. 

The whole section of Kiangsu north of the old bed of the 
Yellow River and east of the Grand Canal is one vast net- 
work of canals and small rivers, with their beds so little be- 
low the level of the surrounding country that only compara- 
tively moderate rains are necessary to create- floods. 

The Yi River, as before mentioned, discharges into the 
Grand Canal. During the dry season both this river and the 
Shu discharge but little water and are in no sense navigable, 
but after rain this Yi River becomes a torrent which pours 
into the Canal, tearing away the western dyke (if it has been 
repaired since the previous floods), and flooding the country 
on both sides of the Canal. During the rainy season the river 
often rises 10 or 15 ft. in 12 hours, and sweeps all before it. 

The Huai River and all its tributaries as far east and in- 
cluding the Ke River have well defined channels, and 
these channels are for the most part of sufficient capacity to 
handle ordinary floods. 

THE MING DIKE—tThis dike is some 25 ft. in height, 300 
ft. wide at the base, and some 150 ft. wide at the top. It 
was first built during the early part of the Ming dynasty 
(1468) and of earth only. Although destroyed in parts by 
extraordinary floods, it was kept in comparatively good con- 
dition until large sections were swept away either just before 
or just after the commencement of the Ching-dynasty. The 
second emperor of the Ching dynasty, Kang-he (1662-1723) 
not only thoroughly rebuilt and repaired it, but added to its 


resistance to floods by facing the entire water sic. 
height of 12 ft. with fine ashlar masonry laid in impu 
mortar almost equal to natural cement, each cours« 
about 16 in. in thickness, alternating headers and st. 
The monumental work is in good condition today, a 
striking example of what the emperors of China once 
the good of the people and the country. 

This dyke was built to protect the Grand Canal }. 
Thsing Kiang-pu and the Yangtsze River (133 miles 
the floods of the Yellow and Huai rivers, and thus sa\ 
absolute destruction the whole section of rich and 4. 
populated rice country east of the Grand Canal and sv), 
the old bed of the Yellow River, known as the Hia 
country. 

THE GRAND CANAL—One of the most important fea; 
both from a topographical and hydregraphical standpo: 
any study of the river systems of North Anhui and 
Kiangsu is the Grand Canal. As shown by the map (F 
this canal leaves the north bank of the Yangtsze op, 
the city of Chinkiang, and runs fer a distance of 132 , 
north to Thsing Kiang-pu. Just north of this place it e): ‘ 
the old bed of the Yellew River and runs in a northwes:.,| 
direction to the borders of Shanmtung and beyond, eventu.i\ 
reaching Peking. : 

The main object of this eanal was the safe transport . 
tribute rice, foodstuffs and treasure from the rich lands . 


ee = 


Fic. 3. Requrescat In PAce 
OF FAMINE IN CHINA 


the south to the Imperial Court at Peking, the passage by 
sea from Shanghai or other ports to Tientsin, the port of 
Peking, in Chinese junks, being attended with much danger 
from both the sea and pirates. The loss in grain, treasure 
and life (named in the order of their importance) was so 
great that the expenditure necessary to construct the canal 
and operate it was justifiable at the time. The present canal 
was completed during the Mongol dynasty, and for six hun- 
dred years afterward, until the arrival of coast steamers and 
later the railways, was of great value. Even at the present 
cate, although the through traffic to Peking has been discon- 
tinued, the canal is of immense importance as a transport 
route to the country through which it runs, and would well 
repay the cost of being put into thoroughly good repair and 
of being well maintained. 

The only part of the canal now under consideration is 
from the Shantung border to the Yangtsze. The width is 
from 200 to 400 ft., and the depth from 2 to 10 ft., depending 
upon the locality and the time of the year with reference to 
the water-supply. The water is confined between artificial 
embankments, and in much of its length not only is the sur- 
face of the water much above the level of the adjacent coun- 
try, but in many parts the bed itself of the canal is so too. 
This difference in elevation varies from 0 to 20 ft. or more, 
and as the Chinese up to the present time have expended all 
their labor in increasing the height of the dikes and none 
upon lowering the canal bed, the condition becomes worse 
each year and the danger more imminent. 

The line of the canal crosses the dip of the country at a 
large angle, and consequently for the whole of its length 
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Nan Wang Changtcha in Shantung where the water 
some flowing north and some south to the Yangtsze 
a distance of 500 miles, the canal with its high artificial 
s acts as a dam to all the natural outlets to the sea for 
‘vers having their sources on the west side, the most 
tant of these being the Huai River. 
ne successful handling of tke Grand Canal, in the main- 
' ice of unbroken transport facilities, a minimum allow- 
te depth, a carefully regulated water-supply and the pass- 
of the Huai River floods through it, is one of the most im- 
tant and delicate problems of the proposed conservancy. 
The canal acts as a great obstruction to the passing away 
the heavy rainfall which causes the floods, the long dura- 
tion of which is caused to a great extent by the canal, and 
sa cting, are the greatest source of danger to the canal and 
eatest source of damage to it, being a constant menace 
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to its dikes, which if broken on the eastern side endanger the 
entire usefulness of the canal, and even if the breaks do occur 
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is the embankment of the Tientsin-Pukow Ry., which, as will 
be seen on the map, extends north from Peng-pu, on the Huai 
River, to Suchow-fu, in the province of Honan, crossing the 
line of the dip of the country at an angle of 60 degrees more 
or less. This embankment is from 10 to 40 ft. in height, and 
forms a barrier to the natural flow of water in times of flood. 
A most careful study, of flood conditions and the amount of 
water to be handled was made by the railway engineers, and 
as far as could be foreseen ample openings have been made 
for the passage of the flood waters in such a manner as to 
prevent serious damage to the railway embankment, and the 
great floods of 1910 and 1911 passed without breaking this 
embankment; but whereas before its construction the flood 
water flowed from the northwest to the southeast in one vast 
sheet and the floods subsided in days, now the water having 
to flow south and pass through definite openings is much 
retarded in its subsidence, and possibly weeks are re- 
quired.* 





Fie. 6. Tamprnc New Eartuwork 
Fies. 4-7. Faminr-Retrer Work IN CHINA 
(The borrow pits shown in Fig. 5 were measured and the excavation paid for twice a week. The price was about 20c. 


in gold per Chinese Feng equal to about 4% cu.yd. Tamping disks, such as is shown in Fig. 6, made of iron or stone, are 
universal in China. They are also used to drive small piles.) 


much of the flood waters are of necessity obliged to find an 
outlet through the canal, as the canal itself cuts off all other 
outlets; and thus each year, during the months of June, July 
and August at least, the canal is required to carry away an 
amount of water much beyond its maximum capacity. This 
is a source of great danger to its dikes, and even if they do 
not break they are likely to be badly damaged, and a great 
quantity of silt is deposited which makes desirable the dredg- 
ing of the channel (which is never done), or the increasing of 
the height of the dikes (which is sometimes done). As a 
matter of fact nothing is usually done until a serious break 
occurs in the dikes, much damage is done to the low (Hai) 
country, and valuable crops are lest with some lives, and then 
the repairs are made in a weak, cheap, temporary manner at 
a tremendous cost. With proper outlets the flood level would 
be lowered, the length of duration of the floods reduced, the 
land drained, and the danger and damage to the canal re- 
duced to a minimum. 

THE TIENTSIN-PUKOW RAILWAY EMBANKMENT— 
Within the last few years a new and disturbing feature has 
been added to the topography of North Anhui, which requires 
careful study with regard to the conservancy scheme. This 


Fie. 5, Borrow Pits MeasurED Twice A WEEK 





Fic. 7. ReLtrer Workers AFTER ONE MONTH ON JoB 


THE PRINCIPAL CAUSES OF THE FLOODS 


The entire Huai River catchment area discharges its wa- 
ters into the Hungtze Lake. The bed of this lake is com. 
paratively high, and is slowly being raised each year by the 
deposit of silt which it receives from the Huai and the other 
less important rivers coming in from the north and northwest. 
It may be said, however, that the percentage of silt held in 
suspension by the flood waters of this region is small as com- 
pared with that of such rivers as the Haiho at Tientsin, the 
Yellow River and the Yangtsze, but what there is deposited 
in the Hungtze Lake, which has no adequate outlet. The 
floods coxie from the west, northwest and north. The country 
has a minimum of dip and no outlet, therefore the greater 
part of the inundation in North Anhui is not due to the rivers 
overflowing their banks, but is caused by the backwater of 
the Hungtze Lake and the lower reaches of the Huai, due to 
the fact that neither the Huai nor the Hungtze Lake have 
an outlet at all in proportion to the immense amount of wa- 
ter which is poured into them in a short period of time. 





*This statement is not made as the result of personal ob- 
servation, but from data given me by pore missionaries and 
natives living in sections affected.—C. D. J. 
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Fia. 10. Ferry on Granp CANAL ’ Fie. 11. Boats on Granp CANAL 
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Fig. 12. Lock on Granp CANAL Fie. 13. House Boat 


Fies, 8-13. Curinesrk Boat Scenes on Lake, River anp CANAL 


(The gunboat shown in Fig. 9 carries one officer and 12 men, one small cannon in the bow, and has 12 oars. The 
lock shown in Fig. 12 is 24 ft. wide and is the principal outlet of the Huai River at the east end of Hungtze Lake—see 
map, Fig. 1. The sails of the house boat, shown in Fig. 13, have bamboo ribs and are held to the mast by pieces of split 
bamboo. Separate sheet lines run from the end of each rib.) 
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PROPOSED RELIEF WORKS AND STUDIES 


,ust be understood in all that is said in this report as 
lowering of the flood level and the practical elimina- 
{ the floods, that it applies to normal floods, such 
as oceur every few years, or year after year in some 
destroying the crops and impoverishing the people. 
doods, and consequently the damage done by them may 


} ine away with, but at times there comes an abnormal 
: or cataclysm, which sweeps before it any work of man. 
cach floods cannot be eliminated, but there is always the 


e that such horrors may never arrive. 

URVEY—The first thing is the hydrographical survey of 

sea coast from the old mouth of the Yellow River to 
1 how, to determine the most suitable points of discharge 
f , the Shu River, the Yi River and the new outlet to the 
Hunetze Lake down the old bed of the Yellow River. 

THE SHU RIVER—With regard to the Shu River there 
appears to be no necessity for control or regulating works 
»evond small sluices controlling the entrance of the drainage 
canals. The main features of the conservancy of the Shu 
are to give it a clean, well defined channel to the sea, and to 
see that this channel and its mouth are not allowed to silt up. 
The channel should be excavated sufficiently below the land 
surface to drain the country and swamps through which it 
runs. 

THE YI RIVER—With regard to the Yi River its natural 
outlet is by the Grand Canal to which it supplies water. The 
new flood channel should be cut through the Loma Lake, and 





Fie. 14. Reapy ror AN OvERLAND Trip IN CHINA 


(Cc. D. Jameson, with “head boy” and Chinese farm wagon on 
American Red Cross Engineering inspection trip.) 


thence by the best route to the sea, probably utilizing and 
improving some already existing water course. The different 
branches of the Yi River to the Grand Canal, at the points 
where they leave the main river, should all be supplied with 
regulating gates in such a manner that the amount of water 
passing into the Grand Canal can be under proper control. 
This also includes gates where the flood canal branches from 
the main river to the Loma Lake. By this means only the 
requisite amount of water will enter the Grand Canal, and 
in the dry season the entire discharge of the Yi River will be 
available, while during the rainy season all excess of water 
will be carried away by the flood canal. 

HUNGTZE LAKE AND THE HUAI RIVER CONSER- 
VANCY—In the final disposition of the flood waters of the 
Hungtze Lake and Huai River systems certain important 
questions must be considered as to the absolute control of this 
disposition. All of these waters are drained into the Hungtze 
Lake, and from this basin two outlets are provided: (1) The 
Canal via Tsiang Kia-pa to the Yangtsze west of the Grand 
Canal. 

(2) The Canal to the east through the old bed of the Yel- 
low River to the sea. These two outlets will branch from 
the undrained portion of the Hungtze Lake, and of the two the 
one to the east should have the greater capacity, as during a 
flood it would be by far the more important. 

THE YANGTSZE FLOODS—At times heavy floods occur 
in the Yangtsze basin and the Huai basin simultaneously, 
but fortunately this is not always nor even often the case. 
When the Yangtsze is in great flood the utility of the Tsing 
Kia-pa canals as flood canals would be decreased, and the 
greater portion of the Hungtze Lake surplus would be run off 
through the canal to the east. 

REGULATING AND CONTROL WORKS—In years of low 
water in the Yangtsze ard floods in the north, the amount 
discharged by the two canals should be so regulated that the 
Yangtsze canal would carry a safe maximum. 
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What remains of the Hungtze Lake after being drained 
to a certain level would serve, in an emergency, as a storage 
basin for the floods from the north and west, and from this 
basin lead the two outlet canals. 

At the inlei to each of these two canals must be regulating 
sluices for the perfect control of the amount of water passing 
into each canal, and in connection with this regulating work 
there should be a suitable chamber lock for the passage of 
boats each way at all times. 


PERMANENT ENGINEERING DEPARTMENT 
RECOMMENDED 

The most immediate need in the Huai River and Lakes 
Conservancy is a well organized engineering department. 

The surveys already made by the Chinese survey students 
are of some value, but the organization has no definite head, 
the control is very loose and haphazard, and the men in con- 
trol cre totaily lacking in all technical knowledge of the re- 
quirements of the problem, of the methods necessary in the 
mere matter of surveys. Much time and money has been ex- 
pended on relatively unimportant work, while the essential 
und urgent work has not been done at all. The office records 
of work done in the field are hopelessly in confusion All 
these faults may be remedied with reorganization, method and 
discipline, and several well organized engineering parties 
should be put into the field at once. 

So far the work of conservation has been considered by the 
Chinese merely from a provincial standpoint, and in the work 
done so far, Anhui and Kiangsu are intensely jealous of their 
own provincial rights, to the great detriment of the work 
This conservancy work cannot in any way be considered pro- 
vincial, if it is to be attended by any success. It is and must 
be of a purely national character, and carried on without 
the slightest regard for provincial boundaries. Topography 
and rainfall are the ruling elements to be considered. The 
administration, engineering, etec., of the conservancy must 
deal only with the Central Government and draw its funds 
from the Central Government. In the question of private 
lands which may be needed for the work, the Conservancy 
Board should have the right of “Eminent Domain,” the price 
being settled by arbitration, cr if necessary the land con- 
demned and the price settled afterward. 

In this report it is not necessary to go into the details of 
the Conservancy Organization and methods ef work, but s 
definite well disciplined organization is needed. 

WEATHER BUREAU—One of the most important depart 
ments of the Conservancy Organization, and one that shoukt 
be organized and put into operation as soon as possible is 
Weather Bureau, with stations established at all necessar, 
points in the entire catchment area of the river systems under 
consideration. 

When the Conservation and Regulating Works are com- 
pleted, this service will be absolutely necessary in order that 
the full value of the work done may be realized. Advance 
knowledge will be available of the coming of floods, the 
amount of water to be taken care of, the channels through 
which it will come, and the moment at which it will arrive. 

This Weather Service should be extended to the Yang 
tsze Valley and also to the Yellow River basin, and the more 
rapidly this is done the sooner will exact data be available 
for the regulation of these rivers. This Bureau should be 
worked in connection with the Weather Bureau of the Sic- 
cawei Observatory, Shanghai. 


ESTIMATED COST OF WORKS 


The estimated cost of the work outlined in this report will 
be about 35,000,000 Mexican dollars, and the time necessary 
for its completion—provided no delays are occasioned by lack 
of money at the time when it is needed—will be from six to 
seven years. 

As to the results which will be obtained after the comple. 
tion of the work, they will be: the doing away of all but 
abnormal floods over an area of some 17,000 sq. miles, the 
draining of this whole area and the lowering of the flood 
level to such an extent that in all but abnormal years two 
crops will be possible each year, where, under present condi- 
tions, two crops in five years is the rule. 

In addition to this improvement in land which is now 
supposed to be under cultivation, there will also be reclaimed 
some 6,000,000 Chinese mou of land which is now absolutely 
valueless, being covered with shallow lakes or swamps. 

There will also be a saving of the cost of the annual fam- 
ine relief, which for many years has been poured by millions 
and millions of dollars into this section of China. 

The moral results will be the elimination of the suffering 
starvation and degeneration of several millions of people, 
who now are fast becoming beggars and robbers; the turning 
into producers of these millions who now are not only non- 
producers, but are becoming a menace to the country and 
cause of unrest and lawlessness. 
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Cooling a Gas Engine by Internal 
Injection 


under similar load, when the jacketed cylinder 
place, was sufficient to evaporate 2.5 lb. per b.hp.-! 
this 120-hr. trial, the gas consumption was pract 
the same for both cylinders. Tests for other 
showed that with a lean mixture the gas consum 
for injection cooling rose above that for jacket co 
while with rich mixtures the reverse was true, the ¢ 
ences being within 5% either way. 

This engine was subsequently put into factory s 
on a suction-producer plant and it has regularly « 
oped 50 b.hp. for several hours on a stretch. It has...) 
run for two years (about 5000 hours), being left t. .1- 
self like an ordinary gas engine. The gas used cont:\:\s 
some sulphur, but no trouble has been found in cyliiier 
or piston corrosion. The rose nozzles, however, wasi« 


Check Valve. 


The idea of introducing water (not vapor) into the 
interior of a gas-engine cylinder has been in the minds of 
engineers for a long time, but there has been a fear that 
the working gases would be too much cooled by direct 
contact with water and that useful energy would be 
locked ‘up in the latent heat of steam and lost with the 
exhaust, so water jacketing has continued to be the ac- 
cepted practice. However, a paper before the July meet- 
ing of the British Institution of Mechanical Engineers, 
by Prof. Bertram Hopkinson, of Cambridge University, 
describes what appears to be a successful use of injec- 
tion water in place of jacket cooling. His theories have 
been backed by rather extensive trials under commer- 
cial conditions. 

Prof. Hopkinson’s contention is that it is only neces- 
sary to project the water, without atomizing, directly 
against the metal surfaces which need cooling. This he 
does by introducing a rose in the combustion space as 
shown in the accompanying figure. The water then ab- 
sorbs very little energy from the charge, being vaporized 
by heat from the metal walls. The steam thus formed is 
of no disadvantage and, being superheated, tends to hold 
up the expansion line. It is necessary to let the work- 
ing temperature of the cylinder and piston run up to 
such a point that the water is all vaporized practically as 
soon as it strikes the metal so as not to wash down the 
lubricant or to cause corrosion by combination with any 
sulphur in the charge. 

The water should go in just before ignition and stop 
just after, covering a period when the sliding surfaces of 
the barrel are largely covered by the piston. This cool- 
ing of such a limited amount of metal surface might 
seem insufficient, but the researches of Dugald Clerk and - 
others are cited as showing that the heat flow into the 
cylinder walls during the last three quarters of the ex- 
pansion stroke is so small compared with the first quar- 
ter that cooling of the further parts of the barrel can be 
dispensed with. 

To test this scheme, a 50-hp. gas engine (1114-in. cyl- 
inder diameter and 21-in. stroke) was fitted with a new 
cylinder having no water jacket, that being the only 
change in the machine except the attachment of the 
water pump. With this arrangement, compressions were 
satisfactorily reached up to 175 lb. per sq.in. (absolute), 
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Hopkinson ScHEME OF GAs-ENGINE COOLING BY 
INJECTION WATER 


away rapidly until a special resistant metal was found. 
Minor corrosion was noticed in the bends of the exhaust 
pipe and wherever water could accumulate. The cylinder 
was lubricated with a thick oil such as is used in super- 
heated-steam engines. The combined wear on cylinder 
and piston nowhere exceeded */,9, in. The engine gov- 
erns “hit-and-miss,” and the pump is connected to the 
governor also so that it makes a stroke only when the en- 


though this pressure could not be used with the jacket- 
cooled cylinder on account of preignitions. The water 
pump was driven by a cam on the valve shaft giving a 
stroke once each cycle. The pump stroke commenced 
30° before ignition and finished 30° after. Part of the 
time a very hard water (25.5 grains per imperial gal- 
lon) was used so that the combustion chamber and piston 
face became thickly encrusted, but none collected on the 
sliding surfaces and there were no preignitions, 

In a 120-hr. run on coal gas with this cylinder, the 
engine developed 43 b.hp., average, under smooth and 
steady operation; with the water-jacketed cylinder in 
place, only 40 b.hp., maximum, could be developed and 
then only with overheating and violent explosions. The 
average améunt of water used for injection was 2.4 lb. 
per b.hp.-hr., the engine temperature running from 150° 
to 180° C. The heat abstracted by the jacket water, 


gine gets gas. This gives too much water on starting, 
but is satisfactory between one-third and full load. Ad- 
justment during starting was first made by a hand valve, 
and later a satisfactory cylinder-thermostat bypass con- 
trol was developed. 

Failure of the water-supply has given no trouble, as 
all the engine parts have heated up slowly together until 
the machine has stopped by preignition. The pistons have 
not stuck, but as an added precaution against overheat- 
ing a fusible plug was screwed into the combustion cham- 
ber and this lets out the working gases above 200° C. 

This scheme was tried on two larger engines, one a 
105-b.hp. type (18-in. bore) and the other a 1000-b.hp. 
(36-in. bore), an account being given in the Institu- 
tion paper of the latter. The jackets were merely 
emptied and the injection roses fitted in the combustion 
space. The pumps delivered water to the nozzles 45° 








and after the in-center. The engines were put 

on ordinary work and the temperatures were kept 

100-200° C. under full load. Failure of the 

-supply merely caused preignitions and necessi- 

temporary reductions of load, the engine heating 

slowly that trouble could be remedied before ser- 

_ results were noted. The amount of water used was 

). per b.hp.-hr. The whole injection apparatus cost 

t $100 and within a few hours of being fitted was 

« the work of an expensive cooling plant comprising 

cooling tower, pumps, mains, etc., needed for the 

ket water. 

A complete design of engine harmonious with this 

scheme of cooling has been worked out and the first en- 

vine (two-cycle single-acting type with 18-in. cylinder, 
24-in. stroke) has been completed for test. 
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Figs. 2 anp 3. Founpation Worx, YELLow RIvER 
BRIDGE 
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The Yellow River Bridge, Tientsin- 
Pukow Ry. 


Supplementing our previous description* of the great 
railway bridge over the Hoang Ho, near Tsinanfu, China, 
we show herewith a view of the completed bridge and 
two views of foundation caisson work, and give some ad- 
ditional notes on the structure. It will be recalled from 
our former article that the rapid current of the river 
(12 to 15 ft. per sec.) and its liability to floods called 
for care in the foundation work, to forestall damage 
from scour. The river piers were, therefore, founded 
on pneumatic caissons, and most of them in addition 
have a support of pentagonal reinforced-concrete piles. 
The caissons were generally sunk to 20 to 25 ft. below 
river bottom, i.e., to the gravel of an old river bed under 





Fia. 1. GENERAL View or YELLOW: River BRIDGE 


the present stream; 30-ft. piles were driven under some 
of the piers. The middle pier, however, was founded 
without piles, the caisson being sunk to 65 ft. below 
river bottom, or about 82 ft. below low-water level. The 
shore piers and abutments were generally founded direct 
on reinforced-concrete piles. 

In accordance with prevalent German usage, the piers 
were faced with stone over the concrete hearting. 

The steel superstructure is shown as to type by the 
view of the completed bridge, Fig. 1, herewith. It is 
4117 ft. long between abutments, with main span of 540 
ft., two channel side spans of 420 ft., and nine approach 


spans of 300 ft. each. The steelwork weighs about 8700 
tons. 


& 


Authority to Order Municipalities to Build Destructors for 
Domestic Garbage has been vested in the Board of Health of 
Victoria, Australia, according to “The Commonwealth Engi- 
neer” (Melbourne, Australia). The journal named states 
further: 


The Board has given notice to 32 municipalities throughout 
the state that they should take steps, either singly or in 
seeeonetten with others, to abandon tips and destroy their 
rubbish by fire. Only seven or eight of the councils have 
intimated their intention of doing anything. The provision 
of a destructor capable of dealing with the parbese of a 
population of 40,000 would cost, exclusive of land, about £8000, 
which would not be an extravagant gutiay. for two or three 
municipalities to undertake jointly. The Health Department 
is now awaiting the results of inter-municipal conferences. 


If we understand our Australian contemporary, the only 
destructors yet built in Victoria are the two in Melbourne. 


Vocational Schools are to be assisted by the State of Penn- 
sylvania, an appropriation of $140,000 having been made for 
the purpose. This can be used to reimburse all vocational 
schools for two-thirds of their expenses of the previous year 
up to a maximum of $5000, provided the State Board of Edu- 
eation approver their organization, control, location, equip- 
ment, courses, qualifications of teachers, methods of instruc- 
tion, conditions of admission, employment of pupils and ex- 
penditures. These schools are largely in the anthracite 
region, having been established by the mining companies, the 
Y. M. C. A. and correspondence schools. 





*“Engineering News,” Jan. 9, 1913, p. 61. 
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Annual Convention of the Road- 
Masters and Maintenance-of- 
Way Association 


The 31st annual meeting was held at the Auditorium 
Hotel, Chicago, Sept. 9-12, with a large attendance. It was 
a thoroughly successful meeting both as to its technical 
and its social features, and the earnestness of those in 
attendance is evidenced by the fact that it was voted to 
abandon attendance at a ball-game trip one afternoon in 
order to discuss the committee reports. Although only 
five reports were presented, the discussions were so ac- 
tive and extended that consideration of four of these re- 
ports occupied five of the seven sessions. The other two 
sessions were devoted to addresses and business proceed- 
ings. 

The meeting was presided over by William Shea (C., 
M. & St. P. Ry.). At the opening meeting, the President 
read a brief address, and addresses ef welcome were de- 
livered on behalf of the city and the railways, the latter 
being represented by W. H. Penfield (Assistant to the 
Vice President, C., M. & St. P. Ry.). At the annual 
dinner, addresses were made by several railway officials, 
including W. L. Park, Vice-President of the Illinois Cen- 
tral R.R. There was an extensive and excellent exhibit 
of railway track material and supplies and a special fea- 
ture of the convention was that at one session representa- 
tives of the exhibitors were given the courtesy of the floor 
for five-minute addresses. 

The election of officers resulted as follows: President, 
T. F. Donahoe, B. & O. R.R., Pittsburgh, Penn.; Vice- 
Presidents, C. H. Gruver, C., RL. & P. R.R., and B. C. 
Dougherty, C., M. & St. P. Ry.; Secretary and Treasurer, 
L. C. Ryan, C. & N. W. Ry., Sterling, Ill. The next meet- 
ing will be held at Chicago in September, 1914. 


‘ 


COMBINED ORGANIZATION OF MAINTENANCE Forcrs 


This report dealt with the system of having all track, 
signal, bridge, building and other maintenance and re- 
pair work done by the section gang, instead of sending 
special men or gangs to do special kinds of work. There 
should be much less time and money spent under such a 
system, but at the same time if it is to accomplish this 
result it will require that the section gang include men of 
much higher grade and pay than the common laborer, 
while the roadmaster’s position will be one of much 
higher responsibility. The combination of track and sig- 
nal maintenance has been tried on some roads, and the 
Union Pacific Ry. was reported to have introduced it ex- 
tensively, with very successful results. Another road has 
tried and abandoned it, however, finding that the track 
was not so well cared for, while the cost of maintenance 
was as great as (or greater than) before the signal work 
was included. But as this experiment lasted only three 
months it was far from conclusive. The committee was 
opposed to the combined system, on the ground that the 
railways would not allow the necessary compensation to 
employ men of such grade as to make the system a suc- 
cess. 

There was a spirited discussion on this subject, with 
expressions of experience and opinion for and against 
the system. But the arguments in its favor were some- 
what the stronger, and there was a general sentiment 
that the system is one which should be considered and in- 
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vestigated by railway managements with a view to » 
efficiency and economy in maintenance. It cannot 
ried into effect successfully by the mere issue of a 
making the present section forces responsible for < 
etc. There must be a change in organization, an 
men must be trained in special lines. 

A careful investigation of this subject would sh. 
defects in the present system of organization of tlh. 
department, with conditions of low wages and int. 
tent employment that do not tend to attract or ke: 
better class of Jabor. And it would show probab) 


practicability of revising the maintenance organiz 
on the basis of greater centralization of authority. 


Track MAINTENANCE BY ContTRACT 

This committee report showed that doing mainte: 
work by contract instead of by section labor has jou 
tried in some cases, mainly for such work as ballasiiic, 
mowing right-of-way, tile drainage and fencing.  ‘I'\, 
idea of the railway officials is that the work can be done 
better and cheaper under contract, but the report pointed 
out that the contractor has*to make a profit on his work, 
is usually in a hurry to get it done, pays his foremen «1 
ter wages, has better control over his men, and can vet 
more work out of his men. Several members expressed a 
strong opinion that if railways employed the same class 
of labor and paid the same wages, their roadma-ters 
could get the same work done better and at less cost 
than by a contractor, 

In the discussion the work was divided into two classes: 
(1) that which does not involve traffic; (2) that which 
has to be done under traffic. The former includes mow 
ing and clearing right-of-way, fencing, ditching, cleariiy 
station yards, loading gravel at gravel pits, unload, 
coal at coal stations, caring for switch lamps, ete. Oi 
speaker makes a general practice of letting contracts 1 
farmers for mowing the right-of-way, for the reason t),! 
ordinary labor is not to be had at the time this work ‘s 
done, while it is a slack time with the farmers. Written 
contra¢ts are made, covering five-mile sections of track. 

Inquiry was made as to the relative cost of ties treate:! 
by contract at commercial plants and by company fore 
at railway plants, but no information was forthcoming, 
although the C. & N. W. Ry. uses both ties treated at its 
own plant and at commercial plants. The tie-agent of 
one road (which has no plant of its own) stated that an 
advantage to a-road having its own treating plant is that 
it can control the seasoning of ties prior to treatment. 

The discussion showed that several members have )ia! 
work of the kinds in the first class noted above done by 
contract, usually on a small scale, and with generally sat- 
isfactory results when allowance is made for the differ- 
ence in labor and wages. A resolution was adopted to 
the effect that work of the first class may be done by 
contract to advantage. 

The class of work which involves dealing with traflic 
includes the renewing of ballast, ties and rails, the appli- 
cation of tie-plates, and the surfacing of track. One 
speaker who had considerable experience as an inspector 
on railway contract work, including track-laying, sai: 
that it was an extremely hard matter to get the work 
cone as well as it would be done under the direction of 
the roadmaster. It was pointed out also that in relaying 
rail each roadmaster has to organize a complete gang au! 
camp outfit. Perhaps two adjacent divisions will hav: 
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five to ten miles each, but each must organize and 
a gang which could as well lay 500 miles. It was 
sted that instead of letting such work by small con- 
‘3 or doing it in small jobs, it would be better to 
‘ize one or more gangs to do all rail-laying on an 
~e road or such part of it as is to be covered in one 
mn. 
\lany speakers opposed the contract system for work 
~o traffic has to be contended with. It was pointed 
_ also, that the system of employing cheap labor in 
allway maintenance work, with green gangs every sea- 
». and uniform pay to all men in a gang (whether 


‘Lilled or unskilled) does not tend to good or economical 
work, 

Mr. Hanson (C. & N. W. Ry.) also emphasized the 
lack of proper relation of track to traffic. The weight of 
engines and ears has increased enormously, but the heavy 
equipment still operates largely over the same track 
which has carried the lighter equipment. Under such 
conditions it is poor economy to try to save a little money 
in maintenance expenses. A resolution was adopted to 
the effect that it will require several years of experience 
to prove whether the contract system can be applied suc- 


cessfully to railway maintenance work in which the hand-’ 


ling of traffic is concerned. 


AccipeNTs IN ReLation to TRACK AND MAINTENANCE 
Work 


The report of this committee stated that records of the 
Interstate Commerce Commission for the second quarter 
of 1912 showed a total of 3398 accidents, of which only 
503 were due to track defects, 24 persons being killed 
and 682 injured in these 503 accidents. Of this num- 
ber, 182 were attributed to irregular track (bad line, sur- 
face or gage), 113 to soft track, 51 to spreading rails, 
45 to broken rails, 10 to bad ties, 10 to kinks due to the 
sun, and 92 to miscellaneous causes (defective switches, 
frogs, guard rails, road crossings, etc.). 

Accidents due to irregular track usually indicate insuf- 
ficient force for proper maintenance. Those due to soft 
track and sun kinks would be greatly reduced by a more 
liberal use of good ballast, for in many cases greater im- 
provement can be made by the application of ballast than 
by laying new rails. Those due to bad ties and miscel- 
laneous causes may be reduced by the exercise of judg- 
ment of the foreman and roadmaster in regard to renew- 
als and general maintenance work. The remedy for 
spreading rails is largely in the hands of the track de- 
partment, but many accidents of this class are due to 
excessive speed of trains, especially at sharp curves, turn- 
outs, ete., and even at points where instructions call for 
reduced speed. 

In the discussion of the report, the President sug- 
gested that it be confined to work and safety measures in 
the track department. For instance, accidents occur on 
nearly every division to men engaged in the handling of 
ties and rails, and it is important to consider how these 
can be avoided. When rails have to be shimmed above a 
certain limit they should be connected by tie-rods or bars 
to prevent spreading. Mr. Ryan (C. & N. W. Ry.) said 
his road purchases frogs and guard rails which are 
already blocked or do not need blocking, so that the 
track department has not to look after foot-guards. But 
a great trouble is that with the low wages now paid, 
many foremten do not take enough interest in their work 
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to do it carefully or to care whether they keep their jobs 
Another member spoke of road crossings with such steep 
approaches as to be dangerous in tending to stall vehicles 
at the crossing. 

The report mentioned the case of a road which offered 
$5 reward to every person, not in the railway’s employ, 
discovering a broken rail. This plan is open to vers 
strong objection. In the first place it encourages tres- 
passing (and trespassers form a large proportion of per- 
sons killed on the railways), and in the second place it 
is the railway’s own business to see that its track is in 
safe condition. One speaker said that rewarding a far- 
mer who discovered a broken rail resulted in several false 
reports being made in hope of reward. The general ten- 
dency of the discussion, however, was to deal with the 
general safety policy of the railways, instead of with the 
specific work and responsibility of the track department. 


Track MATERIAL AND APPLIANCES 


Two committee reports dealt with this subject. The 
first gave particular attention to the use of manganese- 
steel in frogs, crossings and switches. The discussion 
showed generally satisfactory experience, the devices out- 
lasting eight or ten similar devices built up of steel rails, 
or having a life of three to four years where the rail frogs 
will last for only three to six months. A resolution was 
adopted in favor of the use of manganese-steel frogs, ete., 
in all tracks where traffic conditions are severe. This 
applies to yards as well as to running tracks, and to 
spring-rail frogs as well as rigid frogs. The report also 
approved of one-piece guard rails at frogs. 

As to tie-plates, the committee preferred wrought iron 
to steel or malleable iron. There was the usual difference 
of opinion as to whether the plates should or should not 
aave ribs on the bottom to secure them to the tie. Some 
considered that such ribs caused damage and decay of 
the tie, while others thought they might indent the tie 
sufficiently to secure a hold without damaging the wood. 
Some members thought no rib could effectively hold the 
track from shifting on curves. It was agreed, however, 
that if flat-bottom tie-plates are used they should be se- 
cured to the tie by spikes or screws independent of the 
raii fastenings. It was the general opinion, also, that 
tie-plates should be used on all ties. 

As to switchstands, the automatic type was recom- 
mended especially for yard use; but it should operate 
automatically when latched and locked and when trailed 
through by a train on either the main track or the turn- 
out. Among other devices noted were: (1) track bolts of 
steel of high elastic limit (75,000 Ib.), which will not 
stretch and become loose; (2) a ratchet wrench for ap- 
plying joint bolts; (3) tongs for handling ties; and (4) 
a portable device for pulling out ties by a cable and 
hoist, thus reducing the labor in tie renewals. 

The second report dealt with power-operated devices, 
such as motor section-cars (some of which furnish power 
for operating track tools), gravel and ballast unloaders, 
rail-handling machines, ballast plows, ditching machines, 
and pneumatic tools for track work; also snow plows, 
flangers and devices for melting and removing snow, 80 
as to facilitate the work and reduce the danger of clear- 
ing snow by hand, especially at yards, terminals and in- 
terlocking plants. There was no time available for the 
reading and discussing of this report, and it was ac- 
cepted as information. 
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The New Welland Ship Canal borne and Port Dalhousie, but the difficulties of ¢ 

aie aie i” sae tion at the so called Deep Cut through the divide | 
g a preliminary appropriation o $2,000,000 center of the peninsula prohibited the use of the W, 
by the Government of the Dominion of Canada, work River or Lake Erie as a source of water-supply a) 
has started on the construction of the $50,000,000 Wel- quired a summit level fed by a feeder 27 eA c 
land Ship Canal connecting Lakes Erie and Ontario tending from the Grand River, which lies to the * 
across the narrow peninsula between the eastern end of Port Colborne. Somewhat later, however, the Dec) 
the former and the western end of the latter. The new was made and the water-supply taken from Lake 
canal follows generally the same line as the present from which was and is the summit level of the canal. 
: Lake Erie to Allanburg, a new line being taken from lake level is somewhat higher than the Welland P; 
that place to Lake Ontario. The new waterway will be across which the canal is carried in an aqueduct. 
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Fie. 1. THe Wetitanp Sure CANAL, SHow1Nne Its RELATION TO THE PRESENT AND TO THE OLD 
[From Port Colborne to Allanburg the new line practically follows the old.] 





a ship canal capable of taking boats up to 800-ft. length, The first canal, of course, was quite small, having 
whereas the present canal as now operated can carry locks of wood 100 ft. long and 22 ft. wide. In 1841 an 
boats up to a length of 360 ft. During the construction enlargement of the canal was made in which new ma- 
of the new work the present canal will be kept in oper- sonry locks were installed with entrance locks at Port 
ation. Colborne and Port Dalhousie 200 ft. long, 45 ft. wide 

The Welland Canal is one of the oldest in Canada, and with 9 ft. of water on the sills. The other locks 
having been started at the time of the great canal agi- were 150 ft. long, 2614 ft. wide and had 9 ft. of water 
tation in the early ’20’s of the last century. As orig- on the sills. The bottom width of the canal was increased 
inally built it connected its present termini, Port Col- to about 26 ft. In 1860 the canal was deepened to 1° 
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f i) 1875 a further enlargement of the canal was 
-taken. In enlarging the canal this time the old lo- 
1 between Port Colborne and Allanburg, a distance 
5 miles was maintained, the canal prism being wid- 
ey < and deepened to suit the new size. Between Allan- 
+ and Port Dalhousie, 1134 miles, an entirely new 
io-otion was selected for the enlargement to the east- 
word and northward of the old canal. Fig. 1 shows the 
location of the old canal and the present canal, the pres- 
ent canal being the one which was started in 1875 and 
on npleted in 1887. The locks on this enlarged canal are 
i5 ft. wide at the level of the lower reach and 270 ft. in 
length between hollow quoins, with 14 ft. of water over 
the sills. The summit level from Lake Erie to just south 
of Thorold fluctuates with Lake Erie with an average ele- 
vation of 573. From Thorold to Port Dalhousie it drops 
327 ft. in 25 locks through the Niagara escarpment to 
the level of Lake Ontario. 


v Original Ground Surface. 
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locks are to be 800 ft. in usable length by 80 ft. in width 
in the clear with 30 ft. of water over the sills at extreme 
low stages of the lakes. The width of the canal at the 
bottom will be 200 ft. For the present the canal will be 
excavated to a depth of 25 ft. only. but all structures are 
to be sunk to the 30-ft. depth so that the canal can be 
deepened at any future date by dredging out the reaches. 
The upper section on Fig. 2 shows a typical section of 
the canal. 

The features of the proposed alignment have been 
described in a bulletin by the Engineer-in-Charge, Wel- 
land Ship Canal, as follows: 


The inner harbor at Port Colborne will be deepened to 
the proposed new depth and the old locks and regulating weir 
now in the center of the village will be entirely removed. 
The rock cut from Port Colborne to Humberstone will be 
deepened and widened on the west side just below Hum- 
berstone and a thorough cut will be made across the point now 
forming Ramey’s Bend to materially straighten the canal. 
The material from this cut will be nearly all rock, and will 
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SECTION THROUGH ENTRANCE PIERS beacee 
Fig. 2, Sections THROUGH WELLAND Suip CANAL IN SeEcTION 1, NEAR LAKE ONTARIO 


The old canal is still in existence in the location 
shown on the map and is used for small vessels and for 
the power generated. 

The proposed ship canal now just started follows the 
line of the present canal from Lake Erie to Welland 
with the exception of a small cutoff about three miles 
from Lake Erie, and from Velland to the point where 
the present canal leaves the Welland River the new canal 
takes its alignment in the bed of the Welland River. 
From the Welland River to Allanburg the alignment is 
the same as in both the old and the present canal, but 
from Allanburg to Lake Ontario an entirely new cut- 
ting is made on a much better alignment than the pres- 
ent one which it crosses twice and Lake Ontario is 
reached about three miles east of the present harbor at 
Port Dalhousie. 


The total length of the proposed canal from lake to 


lake is 25 miles and the difference in level between the - 


two lakes, at low water, 32514 ft., is to be overcome by 
seven lift locks each having a lift of 46%4 ft. A guard 
lock and weir at Humberstone will control the summit 
level to the elevation of extreme low water in Lake Erie 
and will overcome the lift between the summit level and 
any higher water in the lake. The dimensions of the 


be used to form the breakwater previously mentioned. A 
guard lock will be built in the rock cutting a short dis- 
tance below Humberstone, and when this new cutting is 
ready for navigation a regulating weir will be built across 
the abandoned portion of the present canal which will be used 
as a bypass to furnish water to the canal. This lock and 
regulating weir will control the elevation of the summit 
level of the canal, which it is proposed to keep at the level 
of extreme low water in Lake Erie, viz: 568 ft. above sea 
level. 

From Ramey’s Bend to Welland the canal will be deepened 
and widened by excavating a strip along the western bank. 
Instead of building a new aqueduct at Welland to carry the 
canal over the Welland River, it is proposed to raise the 
level of the river to that of the summit level of the canal, 
viz.: 568 ft. by means of a dam across the river at Port 
Robinson. This dam will be provided with a large overflow 
and regulating weir which will control the elevation of the 
summit level, allowing any surplus water to overflow into 
the old Welland River and pass out into the Niagara River 
at Chippewa as at present, A sufficient quantity of water 
will be allowed to run constantly to keep the river clean. 

The present aqueduct at Welland will be dredged out, also 
the bank between the canal and the river, which latter will 
be utilized between Welland and Port Robinson instead of 
the present canal, being somewhat straighter and entailing 
considerably less excavation. At Port Robinson a cut will 
be made through the present bank between the canal and 
the river through which vessels will again enter the canal 
prism. 

The raising of the Welland River above Welland will flood 
some 1600 acres of low land adjoining the river bed. This 
land is not of any great value, as it is flooded every spring 
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by the flood water in the river an1 is principally used for 
pasturage. The township of Wainfleet adjoining the Welland 
River on the south side, consists principally of low-lying 
ground, which drains into the Welland River, and to prevent 
damage to this land on account of the raising of the river, it 
will be necessary to open up most of the ditches from the 
point of their present entrance to the river to the intended 
high-water mark. 

The turning of the Welland River into the canal will pol- 
lute the waters which are at present used by the towns of 
Welland, Thorold and Merritton, and by the city of St. Cath- 
arines for domestic purposes. This may necessitate the con- 
struction of extensive filtering plants, which scheme is not 
looked upon with favor by those interested. An alternative 
scheme to lay a pipe line from Lake Erie to the reservoirs 
of the different municipalities, through which clean water 
would be continuously pumped, is under consideration and 
appears to be the most feasible scheme available. 

Between Port Robinson and Allanburg what is known as 
the Deep Cut (deepest cutting 66 ft.) will be deepened and 
widened by cutting a slice off the western bank. Allanburg 
is now the junction of the present and old Welland Canals, 
and the water required for the latter, which is quite consid- 
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of the present canal at that point. This will enab! 
vessels which wish to do so, to use the Port Dalh: 
trance as at present, as far as Lock No. 11. 

Below Lock No. 3 a heavy cutting is required thy 
village of Homer to the bed of the Ten Mile Cree} 
above Carleton St., and just below Carleton St. Lo. 
is located. The pond at the head of Lock No. 2 is at 
vation of 335% ft. above sea level, and floods about 2: 
of land in and adjoining the bed of the Ten Mile Cr: 
low Lock No. 2 the canal follows the bed of the creek 
lake, Lock No. 1 being situated just below the Lak 
and only a short distance from the entrance to Lake « 


Locks 


As stated before, each lock is to be 800 ft. lon, 
80 ft. wide with a depth of 30 ft. of water over 1) 
sills. They are to be built throughout of co; 
founded on bedrock. The lock walls will be 82 ft. 
the top of the gate sill and, including the nec 
foundation work required below this level, two | 
locks will have walls 100 ft. high. The lock gat 

sRoadway 4% Grade 
ey to a 


Crheanseceee 


Duca ra 


ag ars F 
® 


My ee 


“C. L. of Lock 
3 


| 

| 

| 
«= phe-729) 
360" 


~ {x ah 


— 


TT 


X-Chain Fender 

Machine Room - 
Y-Gate Machine Room ‘© 
Z- Valve Chamber 


WG Sheet Piling ce Fie Shale or Mudlstone® 


Section A-B 


Section C-D 


Fig. 8. Drraris or 


erable on account of the 
along it, is taken into the 
In connection with the 


numerous power developments 
canal through a weir at this point. 
construction of the ship canal, it 
is proposed to close the present old canal entirely between 
Allanburg and Marlatts Bridge near Thorold, first building 
a new weir at the head of Lock No. 26 of the present canal 
to supply the above mentioned water. A dam will then be 
thrown across the old canal at Allanburg, and the old bed of 
the canal between the dam and Marlatts Bridge will be util- 
ized as a dumping ground in which to place the material re- 
moved from above water in widening the deep cut, This will 
form a very convenient dumping ground, and the old canal 
will become more self-contained, as at present the entrance 
works are situated at an inconvenient distance from the 
remainder of the canal. 

If it is desired to continue navigation on the old canal, 
entrance may be had to it through Lock No. 25 of the present 
canal when the ship canal is completed by making. a-short 
cut through the bank separating the two waterways. 

{At Thorold the locks commence, Locks No. 7 to No. 4 
being located within a stretch of three miles as described 
below under “Locks.”—Ed.] 

From Lock No. 4 the proposed canal crosses the meadow 
to the north, following in part the bed of the Ten Mile Creek 
till it crosses the present canal at the foot of Lock No. 11, 
at-an elevation of 382 ft. above sea level, which is-the level 
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notable in that they are of the single-leaf type swing- 
ing on a hinge at one side of the lock and resting in a 
notch cut in the opposite wall. The gate at the foot of 
each lock will be 83 ft. high, 90 ft. long and will weig)) 
about 1100 tons. As designed, the valves and culverts 
will allow the lock to be filled in less than 8 min., which 
will reduce the time of passage very materially under 
that required in the present canal system. 

Locks Nos. 4, 5 and 6 are in flight and in order to 
give them a traffic capacity equal to the other single 
locks, they are built in twin flights, one for up-bound 
and the other for down-bound traffic. At the head of the 
flight and at the head of each of the single lift locks a 
pond is provided, which is utilized as a regulating basin 
from which waiter to fill the lock is to be drawn. This 
method of drawing water from a side pond instead of di 
rectly from the canal above avoids the formation of oi 
jectionable current and surges in the canal and locks an: 
is the method adopted for filling all of the locks. 
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3 shows the details of Lock No. 1, which is in 
rst contract to be started. It is in general typical 
« other locks. In it the particular points to be 
are: the regulating channel to the side of the main 
with its two wiers dividing the total fall (regulating 
at the head and waste wier) ; the single-leaf gates; 
hain guards or fenders above and below the gates; 
ulvert connections between pond and lock and the 
rete bridge, with draw span, across the lock. 
ig, 4 shows sections through two of the twin locks. 
_ks No. 4 being founded on shale are built with grav- 
‘+, section walls, whereas Locks No. 5 and 6 being in a 
ood quality of sandstone are designed with a 5-ft. con- 
crete facing to the rock to form the lock chambers. This 
niethod prohibits the use of side culverts, so bottom cul- 
verts, as shown in Fig. 4, have been used in these two 
lock systems. 
Special features of the several locks are as follows: 
Beginning at the south of the canal the first lift lock 
is lock No. 7 at the north end of the Erie level. As 
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Fie. 4. Typtcat Sections THROUGH TWIN 
Locks 4 AND 6 


(Lock 4 has concrete walls and side culverts; locks 5 (not 
shown) and 6 concrete facing to natural stone walls and 
bottom culverts; see text.) 


a special protection to the summit level, a pair of twin 
guard gates are located here near the southerly limits of 
the town of Thorold, and a short distance south of lock 
No. %, the head of this lock being directly opposite the 
head of lock No. 24 of the present canal. That portion 
of the present canal between locks No. 25 and 24 to- 
gether with a pond of about 27 acres formed by flooding 
the upper valley of Ten Mile Creek will be utilized as a 
regulating basin. 

Below lock No. 7 is a short reach of canal with an 
adjacent side pond having a surface area of about 84 
acres and immediately below are located twin locks Nos. 
6, 5 and 4 in flight. These three locks overcome a 
descent of 139% ft. One flight will be used for down- 
bound vessels and the adjoining flight for upbound, a 
double flight being required to save long delays in the 
passage of vessels through the canal. 

Lock No. 3 is located immediately north of the pres- 
ent canal and at its head on the east side is situated the 
equalizing basin, a pord of 150 acres. Below lock 3 
a heavy cutting is required through the village of Homer 
to the bed of the Ten Mile Creek again and just below 
lock No, 2 is located. It was difficult to find a location 
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for this lock on account of the lack of rock for founda- 
tions, but eventually a suitable foundation was found at 
the present site. As stated before, lock No. 1 is situated 
just below the lake road, near Lake Ontario. The pond 
at the head of lock No. 1 covers an area of 107 acres. A 
section through it is shown at the bottom of Fig. 2. On 
the left is the regular slope and on the right the rein- 
forced-concrete retaining-wall fill. 


BREAKWATERS 


A new western breakwater consisting of an immense 
rubble mound of stone from the excavation north of Port 
Colborne, and terminating in a timber and concrete 
head-block located some 2000 ft. farther out in the lake 
than the present breakwater, will be built to insure quiet 
water in Port Colborne harbor during storms. The en- 
try is apt to be rough at present, the breakwater not 
being far enough out in the lake to deaden the swells. 

At Port Colborne the outer harbor is now 22 ft. in 
depth at ordinary stages of the lake, so that the deepen- 
ing of this portion of the harbor will be left for a few 
years until the connecting channels of the Great Lakes 
allow deeper navigation. The inner harbor of Port Col- 
borne will be deepened to the proposed new depth and the 
old locks and regulating weir now in the center of the 
village will be removed. 

At the north end of the canal, the outer entrance piers 
in Lake Qntario are placed about 1144 miles from shore 
where the depth of water is 30 ft. A wide channel will 
be dredged from these piers to lock No. 1. The sides of 
this channel will be protected at the outer and shore ends 
by reinforced-concrete cribs (see bottom section in Fig. 
2) with concrete superstructure along which vessels may 
lie. These cribs will be built on shore, launched and 
towed into position. The wooden false bottoms, which 
are held temporarily by an arrangement of struts and 
wedges, will be removed after the crib is sunk by a pull 
on achain. The cribs will be afterwards filled with spoil. 
From the shore line of the lake to the outer entrance 
piers an embankment about 500 ft. in width will be 
formed on either side of the channel from material exca- 
vated from the canal between the lake and Thorold. 


Construction RAILWAY 


For the purpose of conveying material from the differ- 
ent contracts to the lake the Department of Railways & 
Canals will build a double-track railway along the west 
side of the canal from the foot of the flight lock near 
Merritton to Lake Ontario and temporary trestles will be 
built in the lake on either side of the harbor from which 
to start the dump. The railway will also be utilized to 
‘haul crushed stone from the site of the flight locks to 
locks Nos. 1, 2 and 3 where it will be used for the pur- 
pose of making concrete. 

The Welland division of the Grand Trunk Ry. is sit- 
uated just where the new twin locks are to be built, and 
it will be necessary, therefore, to divert it some distance 
to the west, the diverted line bearing the same relation to 
the proposed canal as the present line does to the present 
canal. Wherever road or railway crossings over the canal 
are required, bascule lift bridges will be used, except in 
two cases where the roadway is carried on the single leaf- 
lock gates. Where possible, crossings are located over 
the head or foot of the locks to shorten the length of the 
bridge. 
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The contract for Section No. 1, covering Lake On- 
tario entrance and Lock No. 1, has been awarded to the 
Dominion Dredging Co., Ltd., of Ottawa, at prices which 
aggregate three and one-half miilion dollars. The con- 
tract for Section No. 3, amounting to ten million dol- 
lars, has been awarded to Messrs. O’Brien & Doheny, of 
Montreal. It is expected that contracts for the remain- 
ing seven sections will be awarded this Fall. 

The maintenance of the present canals and the con- 
struction of the new Ship Canal are under the direction 
of the Department of Railways and Canals, Dominion 
of Canada, W. A. Bowden, Chief Engineer, J. L. Weller, 
who has for many years been connected with the Ca- 
nadian canal system is Engineer-in-Charge of the Wel- 
land Ship Canal work. 
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An Oak-Keyed Belgian Block Pavement 


Two great objections to Belgian block pavements are 
the tendency of traffic to wear off the edges of the blocks. 
giving each a convex surface, and the incidental noisiness 
which comes from heavy wagons rattling over the rough- 
ened surface. These objections result in time with al- 
most any kind of filler used in ordinary construction. 
The old blocks with badly worn and rounded edges have 
been considered valueless for further use as paving ma- 
terial, and in every large city thousands of such blocks 
are annually scrapped or broken up for concrete aggre- 
gate. 

To make use of these old worn blocks and yet have 
a comparatively noiseless pavement a novel kind of con- 
struction has been employed and already given from two 
to three years’ trial on heavily traveled streets in Brook- 
lyn Borough, New York City, Baltimore, Md., Boston, 
Mass., Norfolk, Va., and other cities. This new pave- 
ment, a combination of white oak keys and worn Bel- 


gian blocks, was invented and patented by Edward Al- ~ 


cott, a lumber manufacturer of Manassas, Va., and ap- 
pears to have several good qualities, 

Fig. 1 shows the patented idea, which consists in plac- 
ing on all sides of each stone block a white oak key, 
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Fie. 1. Oaxk-Key Friiter ror Worn Betaran BLocKk 


PAVEMENT INVENTED BY Epwarp ALcoTT 


shaped approximately to the contour of the worn block. 
The aim is to provide a wedge-shaped filler, which will 
project sufficiently to cause the traffic to exert its great- 
est abrasive effect upon the center “humped” portions 
of the rounded Belgian blocks, wearing off the humps 
and redeeming the blocks. The oak keys are made in 
four sizes, measured by the width of the top surfaces, 
214, 3, 4 and 5 in. 
Fig. 2 is from a photograph of a pavement laid in 
Howard St., Baltimore, Md., over two years ago. The 
dark rows are 5-in. oak keys, and the light rows are the 
granite blocks, separated longitudinally by narrower oak 
keys. The effect of traffic in wearing off the humps of 
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the old blocks is clearly seen by the light colored , 
portions of the surfaces of the stones. The effec 
same traffic on the ordinary Belgian block pa 
laid on the same foundation, is seen in the pavem 
tween the street-car rails in the upper part of ¢! 


Fie. 2. Oak-Kryep BELGIAN BLock Pavement, 
Howarp St., BAttrmore, Mp. 


ture. The oak keys have the additional advantage of 
affording a better footing for horses than cement grout 
or tar-filled joints. 

The keys may be either of white oak or other suitable 
hardwood, quarter-sawed, and so set as to present the 
grain transversely to the direction of traffic, as with an 
ordinary type of wood-paving block. The keys are driven 
between the blocks by ramming as in finishing an or- 
dinary Belgian block pavement. Straight-faced, wedge- 
shaped keys are used on the courses next to street-car 
rails or curbings to wedge the blocks to a firm bearing 
with one another. 

The effect of the firmly driven keys is to interlock the 
adjacent stone blocks, resulting in an arch action which 
has a tendency to make the whole street surface act as 
a unit. For that reason it is claimed that this type of 
pavement serves well on a sand or earth foundation, 
where an ordinary sand-filled, stone-block pavement 
would soon develop hollows and humps. 

For paving next to the street-railway tracks, Mr. Al- 
cott has invented a specially-shaped block presenting a 
plain vertical surface o* the pavement side from the top 
of the rail-flange to the ‘op of the rail-head. The inner 
surface of the bloek is sawed to the contour of the rail 
and fits snugly against the upper surface of the flange, 
the web and the under part of the rail-head. Figs. 3 
and 4 show some of these blocks and their appearance 
when placed in position in the pavement. 

These oak filler blocks, being elastic and yielding 
slightly to the deflection of the rails under the pressure 
of the car wheels, are claimed to furnish a better binder 
between the rails and any kind of pavement than is af- 
forded by brick, concrete or asphalt filling. Pavements 
along car tracks using these filler blocks have been !aid 
in Norfolk, Va. (Figs. 3 and 4) and in Toronto, Ont., 
and are said to be satisfactory in every particular. 











Soprember 25, 1913 


“ore recently Mr. Alcott has invented an improved 
fil lock designed to protect the fish plates and rail 
.onpections in street-railway track from damaging the 
nt paving and to prevent the loosening of the rail 
octions from vibration. Fig. 5 illustrates this filler 
na its application. It may be made of any material, 
wood or metal, but wood is preferable because of its 
noiselessness and elasticity. In other essentials this style 
of “lier is similar to that shown in Figs. 3 and 4. 
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Recent Improvements in Macadam 
Road Machinery* 
By A. W. Drant 


Rollers, tractors and crushers are built today exactly as 
they were three years ago. Some advance has been made, 
however, in the motive power for these machines, due to the 
development and improvements in the gasoline engine. Gaso- 
line motor rollers however, have not superseded the steam 
rollers to any great extent. While it may be possible that 





Figs. 3 anp 4, OAK-FrLuLerR BLocks ror Pavine ApJACENT TO StreET-RarLway Track, Norrouk, Va. 


The cost of this pavement varies with the cost of the 
stone blocks, so if the condemned blocks having practi- 
cally no value are used the cost of the pavement is the 
cost of the oak keys plus the labor of laying the pave- 
ment, which requires no more skill than an ordinary 
Belgian block pavement. In the cities mentioned old 
Belgian blocks have been relaid with oak keys for con- 
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Fie. 5. Oax-Fitter Brock ror PROTECTING Sin: 
JOINTS IN PAVEMENTS 


siderably less than half the cost of a new Belgian block 
pavement. If experience proves that the oak keys last 
and do good service until the stones are worn to a plain 
surface, when they can be relaid in a first-class Belgian 
block pavement, the new style pavement will go far to- 
ward paying for itself. The cost of the pavements re- 
cently laid has been from $1.50 to $2 per sq.yd., depend- 


ing on the size of the keys and including a 10-year guar- 
antee, 


- 


gasoline motors may become quite universally used, it is 
improbable that it will occur in the immediate future, as there 
are many features regarding the steam engine that cannot 
be readily equaled with the gasoline engine, and furthermore, 
there has to be overcome the prejudice of machinery users 
against the gasoline engines, due perhaps to the many ex- 
amples of what might be termed the fickleness of these en- 
gines when used to propel automobiles. 

DRIERS—As the construction of mixed bituminous roads 
becomes more universal, there is an increase in the demand 
for suitable mechanical driers for drying the aggregate, and 
mixers for mixing the aggregate with the bitumen. The old 
method of drying stone, gravel or sand, by spreading on sheet 
iron under which a fire is kept burning, has many times been 
demonstrated to be unsatisfactory, and it is quite the uni- 
versal practice at this time to use some form of drier that 
will mechanically keep the material in motion and thus pre- 
vent one portion from becoming extremely hot and another 
portion insufficiently warmed. 

A form of drier which has become quite generally used, 
is similar to a large concrete mixer, the material to be dried 
being kept constantly in rotation, and heated and dried by 
means of a blast of hot air created by means of oil burners, 
the burners of course much magnified in size and volume. 

MIXERS—Improvements have been made also in mixers 
for incorporating the bituminous material with the dried min- 
eral aggregate. These mixers are an adaptation of the long 
used standard concrete mixers, and are almost identical with 
them except that a blast of hot air is constantly forced into 
the mixer in the same manner as outlined above in the case 
of the driers. Several devices for heating bitumen have been 
evolved, but they are all improvements or enlargements on 
forms of heaters that have been in use for the purpose for 
many years. Labor- and time-saving devices have been 
added. 

HEATERS—One marked improvement in heating kettles 
is the addition of a chamber above the reservoir containing 
the heated material, in which chamber the barrels in which 
the bituminous material is shipped are placed, so that the heat 
that might otherwise be wasted, passes into the chamber and 
warms the bitumen in the barrels to a sufficient extent so that 
it will flow into the hot reservoir, thereby keeping up a much 
more constant supply of hot material than could be kept by 
the old method, wherein the reservoir was filled and drained 
intermittently. 


. 


*Abstract of a paper presented before the Permanent In- 
ternational Association of Road Congresses, London, 1913. 


¢Chief Engineer, Massachusetts Highway Commission, Bos- 
ton, Mass. 
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OIL AND TAR DISTRIBUTORS—Perhaps more attention 
has been given by road men to oil and tar distributors than 
to any other form of road machinery, and there have been 
placed upon the market more than a dozen forms of dis- 
tributors, each claimed to be unique and of such superiority 
over any other distributor that it warrants securing patent 
rights. They all appear, however, to be only improvements 
over old devices, or adaptations of machinery used for other 
purposes to the distribution of bituminous material. 

In the manufacture of a machine for distributing hot bi- 
tumen, there are two essentials that must be considered. 
First, a sufficient amount of pressure to cause the material 
to spray or spread uniformly, and second, provision for keep- 
ing the pipes and nozzles clear when the machine is not in 
action, in order that there may be no obstruction of ma- 
terial when it is desired to start the machine. This latter 
result can be and is obtained when steam is present as a 
motive power or as the power for creating pressure, by having 
the pipes and valves so arranged that whenever the machine 
is stopped for any purpose, all material remaining in the 
distributing pipes can be forced out, leaving them free and 
clear so that when the valve is opened again, the heated ma- 
terial can be forced through. The method adopted by some 
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A Rail Broken in Fourteen Pla: 


A report has recently been issued by the engine: 
sicist of the U. S. Bureau of Standards, James E. 
ard, ona train derailment on the Louisville & 
ville R.R. near Hays Mills, Ala., Oct. 1, 1912. T) 
a fast passenger train made up of an engine, ma 
two baggage cars, express car, four coaches and tw: 
mans. The report shows that the train was derai 
reason of a fractured rail. One person was kill 
21 injured. 

The fractured rail was an 80-lb. openhearth s 
33 ft. long, rolled by the Tennessee Coal ¢ Iron ( 
June, 1906. The receiving end remained intact { 
ft. 4 in.; the leaving end was broken into a num! 
fragments, 18 of which were recovered, the principal « 
ranging from 74 to 36 in. in length. The rai! 
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makers of distributors is to incase the distributing pipes in 
a jacket pipe, into which steam is introduced, thus heating the 
inner pipes in which the oil flows. 

Pressure for spraying or spreading the bitumen is secured 
by varying methods. One form in quite general use is to in- 
troduce steam directly into the tank of a tank wagon, the 
tank being constructed of sufficient strength that pressure 
up to one hundred pounds or more will be sustained. An- 
other similar method in quite general use, and which is 
adapted to the heavier bitumens, is to introduce air pressure 
instead of steam into the tank, the air pressure being created 
by an air pump attached to a roller or tractor used in hauling 
the distributor. 

The air pressure is more desirable in many instances than 
the steam pressure in a tank, for the reason that there is no 
condensation that can cause the material to froth if allowed 
to cool and again heated. 

Another method of securing pressure for distribution is 
by drawing the material from the tank and forcing it upon 
the road by means of pumps. One or two forms of dis- 
tributors have a gasoline driven pump mounted on the rear 
of the tank. Other forms have gasoline pumps mounted on 
two wheels that may be attached by flexible poles or pipes 
with flexible joints, to the rear of any steel tank wagon. 
Steam pumps are also used either mounted on the rear of a 
tank wagon, or mounted on wheels and connected in the same 
manner as described above in the case of gasoline pumps. 
Each form or type has its advantages and disadvantages. A 
gasoline power pump cannot well be used for cleaning the 
pipes and nozzles, consequently, when very heavy bitumen 
has been used, it is necessary to have a roller, tractor or 
other form of steam power present when the work is going 
on. With a steam pump, the pump is operated by steam di- 
rectly from the roller or tractor which draws the outfit. 


fractured across the entire section at 14 places. At 11 
fractures, transverse fissures were seen and two others 
were found during tests of the rail. The specifications 
under which the rails were furnished required a chemi- 
cal composition as follows: carbon, 0.55-0.68% ; phos- 
phorus, not over 0.06%; silicon, not over 0.20% ; man- 
ganese, 0.80-1.10%. It was reported that the attained 
composition was within these figures but analyses of the 
rail showed a carbon content varying from 0.84 to 
0.88%. An additional carbon examination was made of 
metal from the nucleus of a transverse fissure but the 
carbon content was 0.85%, showing composition normal 
with the rest of the rail. The rail appeared sound s9 
far as quality of the metal went. Six cross-sections were 
polished and etched with tincture of iodine, and the 
etched surfaces were uniform in appearance. Microscop- 
ically the metal appeared to have no defects at or in the 
vicinity of the nuclei of the fissures. 

The report has the following remarks on the formation 
of these fissures. 

Transverse fissures have been described in earlier reports 
of rail fractures and the causes described which are believed 
to lead to their development. The insidious character of these 
fissures and their menace to safe travel by rail justifies fur- 
ther remarks upon the probable manner of their formation. 


This type of fracture seems confined and peculiar to those 
conditions which affect steel rails. So far as known, interna’, 
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-ive, transverse fissures have not been found ‘in other 
s of structural steel, nor have they been found in 
ils which have not been in service. The combined 
- stresses and intense wheel-contact stresses which at- 
rvice conditions of a steel rail appear to constitute the 
which lead to the formation and development of 
transverse fissures. No other contributory causes 
»een recognized as being present and active in this con- 
Regardless of the grade or quality of the steel, 
shere must be present longitudinal strains which cause the 
tion of the metal of the rail in a longitudinal direction. 
e magnitude of those atrains necessary to cause rupture 
.e greater or less according to the grade of the metal. 


f es 
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earlier periods of railway practice, rail of lower physical 
properties were used and failures of another kind were then 
prevalent. Cold flow of the metal occurred. With increase of 
wheel loads harder stecls were introduced to check this ten- 
dency. But the formation of interior transverse fissures has 


made its appearance as a consequence, apparently, of these 
changed conditions. 

The effect of repeated alternate stresses in causing rupture 
in all grades of steel, without the display of ductility and un- 
der the action of fiber stresses somewhat below the elastic 
limit of the metal, is known. Repeated alternate bending of 
a steel rail, and all rails are exposed to repeated alternate 
bending stresses, has a tendency to cause ultimate rupture 
in a brittle manner under fiber stresses below the primitive 
elastic limit of the steel. 

But exposure to bending stresses alone—that is, unaccom- 
panied by intense wheel pressures on the running surface of 
the head—would lead to fractures which would have their 
origins at the fibers most remote from the neutral axis of the 
rail, where the stresses would be the greatest. Under such 
circumstances rails would be expected to fracture, starting 
either at the running surface of the head or at the under- 
side of the base. 

Since transverse fissures have their origins at the interior 
of the head and are longitudinal tensile fractures of the metal, 
it is necessary to look for a cause for the transference of the 
incipient place of rupture from the outside fibers to interior 
ones. The cold rolling of the running surface of the head 
by the wheels doubtless occasions this transference. The 
gage side of the head is most affected by the wheel loads, and 
that should be the side of the head to develop interior fis- 
sures, as examples of fractured rail have snown it to be. 

The effect of the wheels is to put the metal at the running 
surface of the head into a state of internal compression. The 
springing of the head into convex shape on the running side, 
when detached from the web, is evidence of the release of 
internal compression. The present rail sprung in that manner 
when the head was detached from the web. Herein is found 
a cause which has a tendency to transfer the incipient place 
of rupture from the surface to the interior of the head. The 
metal in compression at the running surface must perforce 
put the metal next below it in a state of tension and aug- 
ment the tensile strains of the bending loads. In a way the 
rail is an example of unsymmetrical loading, or rather pre- 
sents an unsymmetrical result of loading, with bending 
stresses alone affecting the base, while the head is affected 
by the combined bending stresses and internal strains of com- 
pression. 

It is not a question of grade of steel whether or not this 
action takes place,* but in specific cases a question of what 
constitutes an overload for the particular steel being used. 
Rails which develop this type of fracture have certainly been 
overloaded. The close proximity of transverse fissures to each 
other precludes the explanation that they are the result of 
bending stresses taken alone. The results call for the pres- 
ence of an independent force, the influence of which is felt 
along the entire length of the head, and such in fact is the 
manner in which the compression metal acts. 

Since these fissures occur in planes at right angles to the 
direction In whieh the rails were rolled their formation would 
not be looked for as a result of mil! practice. Certainly the 
presence of fissures approaching 2 in. diameter would not be 
attributed to the action of the rolls of the rail mill, ignoring 
the fact, for the time being, that such fissures are located 
on one side only of the head. ‘There is lack of cortinuity in 
steel in the ingot at places where slag inclusions exist, yet 
such globules, of one one-hundredth of an inch diameter, 
more or less, are drawn out in the finished rail into longi- 
tudinal filaments parallel to the length of the rail. The ex- 
amination of rail steel through ihe successive reductions 
from the ingot to the rail has failed to furnish examples 


*Ina paper on rail failures in “Engineering News,” Oct. 17, 
1912, Robert Job noted that the company with which he was 
affiliated had gathered data throughout the country on trans- 





verse fissures. His findings &. 711) corroborate Mr. Howard's, 
oxo he greys found deci 
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ed porosity in the vicinity of the 
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of incipient fissures developed at right angles to the direction 
of rolling. 

No method has been found capable of locating incipient 
Thterior fissures and which, it should be remarked, do not 
present oxidized surfaces. But so grave a matter as this 
should not be left in its present state of uncertainty, and data 
upon contributory causes, track conditions, wheel loads, and 
grades of steel in which these fissures appear should all ve 
acquired. Primarily the formation of a transverse fissure is 
the result of an overload, for that particular rail, from what- 
ever point the subject is viewed. It is regarded as an impera- 
tive duty, which should at once be performed, to ascertain 
and define the actual stresses to which the rails are daily 
subjected. 

Structural materials admit of being used with safety, but 
fundamentally the stresses to which they are exposed must 
be known. It is difficult to refer to a more flagrant example 
than that of steel rails where definite knowledge of the actual 
fiber stresses made use of in service is lacking. The loads 
which are placed upon the columns of buildings are known 
with reasonable certainty. Strain sheets show the stresses 
with which the members of bridges are loaded, and the details 
of such structures are carefully designed to keep within what 
are believed to be safe loads. 

Experiments which were made nearly two decades ayo 
showed the necessity for conducting observations in the track 
for ascertaining and defining the fiber stresses in rails due to 
given wheel loads. The moment of resistance of the rail and 
the tie spacing not being sufficient data on which to base 
computations for the reliable determination of the actual 
fiber stresses under given wheel loads, owing to the yielding 
character of the roadbed, hence require an experimental 
determination of the fiber stresses in the track itself. Since 
those early tests were made wheel loads have been greatly 
increased and, also bearing on the case, wheel spacing hag 
been changed. It can doubtless be said that definite informa- 
tion is practically lacking in respect to the fiber stresses in 
rails which are developed by modern equipment, even under 
static conditions of loading where no obstacle exists for the 
acquisition of such data. Commendable efforts have been 
made at different times in the laboratory to acquire reliable 
information upon the primitive physical properties of the ma- 
terials made use of in track equipment, but years should not 
be allowed to pass without corresponding efforts being di- 
rected to the material after it reaches the track. Such a 
dearth of important information as pertains to service 
stresses in steel rails is probably without a parallel in the 
history of the materials of construction. 


# 


Diesel-Electric Motor Cars on the Swedish State Rys. have 
been in use for about a year past. Two such cars were built. 
The power equipment of each car is a 75-hp. Diesel engine 
running at 700 r.p.m., driving a direct-current dynamo of 50 
kw. producing 440-volt current. Two 30-hp. motors are con- 
nected to the two main or driving axles, although a third 
axle is fitted under the machinery compartment, which is at 
the extreme end of the car. The Diesel engine is a four- 
stroke machine with six cylinders and eight compressor 
eylinders. Besides driving its own fuel pumps, etc., the en- 
gine also drives a small compressor for the air brakes. The 
engine is started with compressed air stored in steel con- 
tainers. The engine exhaust goes through a muffler under 
the car and then to an exhaust pipe over the roof. The cool- 
ing water is taken from a tank on the ceiling of the baggage- 
room (just behind the engine compartment) and after going 
through the engine is carried through a copper radiator on 
the roof, being circulated by a small pump geared to the 
engine. Two oil tanks in the engine room provide fuel ca- 
pacity for about 800 miles of run with two trailers. The fuel 
consumption is stated to be about 0.8 Ib. of oil per mile for 
the motor-car alone and about 1.2 lb. per mile for the motor- 
car with 30-ton trailer, at an average speed of 20 to 30 miles 
per hour. The car is geared for a maximum speed of 40 miles 
per hour and as to tractive power is designed for two 30-ton 
trailers, the motor-car itself weighing 26 tons. Current for 
illumination is supplied by a 28-cell accumulator under the 
car, which also furnishes current for a small motor used for 
shifting the governor of the Diesel engine for different speedy» 
of car. Heating in cold weather is done by passing the cir- 
culation water of the engine through radiators in the car. 
The cars are said to be giving satisfactory service. They 
were built by the Allminna Svenska Elektriska Aktiebolaget, 
of Visteras, Sweden, on the order of the Swedish State Rys., 
Stockholm, in 1911, and were put into service in the summer 
of 1912. A somewhat fuller description with some illustra- 
tions may be found in the “Organ fiir die Fortschritte des 
Eisenbahnwesens,” Sept. 1, 1913. 
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German “Ladder” Staging 


A peculiar type of erection staging for use in erecting 
or repairing buildings, etc., is used extensively in Ger- 
many. This is the ladder scaffold, devised by L. Alt- 
mann, of Berlin, 23 years ago, which has been applied 
successfully not only to small and simple work, but also 
to nearly every kind of large and complex building erec- 
tion and repair. This staging is composed of adjustable 
members which are used over and over again. The 
“Geriistbau Aktiengesellschaft,” of Berlin, the successor 
to Altmann’s business, keeps the parts in stock and works 
in such a way as to relieve the building contractor of all 
concern about staging; it erects, maintains and takes 
down the staging, and its fee includes the hire of the 
staging. Similar companies are organized in all other 
important cities in Germany, Austria and Switzerland. 
A few of them, besides handling the ladder staging, also 
do some business in pole scaffolding and in adjustable 
staging modified from the ladder type, but personal ob- 
servation during a trip through Europe indicates that 
the ladder staging as here illustrated commands much 
the larger part of the field. 

In this Altmann scaffolding, all the posts are com- 
posed of “ladders” and the horizontal and vertical braces 
are adjustable to the required lengths. The ladder ver- 
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are not used for climbing (ordinary inclined lad- 
. being set into the staging for this purpose) but are 
{fect two-piece posts with wooden rungs as spreaders ; 

tility of this construction will appear from the illus- 
ons. For all heights of staging greater than one lad- 


Fie. 5. Sraetnc Arounp Apostet-Pautus KircHe, 
ScHONEBERG; 270 Fr. Higu 


der length, the successive lengths are lapped on each 
other like the parts of an ordinary extension ladder, and 
are connected by hooks, or in case of heavy scaffolding 
by steel splice-plates on the sides of the ladders. Between 
the wooden rungs the ladder sides have 1-in. holes for 
temporary rungs of steel rod. Such rods are used for 
attaching the hooks connecting two lengths of ladder, and 
for supporting runway boards, beams from which tackle- 
blocks are hung, ete. The holes in the ladder sides are 


also used for the bolts which clamp the scaffold braces in 


place, except in the special case of braces parallel to the 
plane of the ladder, which are attached by hook bolts em- 
bracing the ladder side-piece. 

The sketch, Fig. 1, shows a simple case of ladder stag- 
ing, as erected for repair work on the front of a five- 
story building. The ladders are set on short lengths of 
board as mudsills, in the position shown, and are held 
to the wall by spacer sticks engaging screw-jack clamps 
set in the window reveals (or hooked over the heads of 
5Y%)xl4-in. spikes driven into the mortar joints of the 
wal'), The horizontal and diagonal braces have a series 
of holes at one end and a slot at the other, taking a 
%-in. bolt with large washers, which clamps the brace 
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in place. The scaffold is built upward by simply laying 
additional lengths of ladder alongside those already in 
place, sliding them up till only the necessary amount of 
lap is left, and hooking the ladders together, then setting 
the wall spacers and the braces of the new tier. 


Fig. 2 shows a view of a simple staging. High scaf- 


folds are shown by Figs. 3, 4 and 5. That in Fig. 3 is 
a repair scaffold around the tower of the Berlin Rath- 
haus, 195 ft. (60 m.) above the main roof, which is about 


100 ft. (30 m.) above the street. The work was done in 
1911. The towers of the Nikolai Kirche, Berlin, Fig. 4, 


are 280 ft. (85 m.) high. The Apostel-Paulus Kirche, 


Schéneberg, Fig. 5, is 270 ft. (82 m.) high. 

In using this staging, the hoisting of material is done 
with rope tackle hung from sets of loading-beams laid 
over the tops of the ladders (i.e., resting on temporary 
steel rungs as mentioned). Mr. Altmann regards a load 
of 2500 kg. per ladder as allowable (10,000 kg. or 11 
tons on a four-iadder square braced tower; for heavier 
lifts two ladders are used at each corner of the tower). 
A test load of 5200 kg. is said to have been put on a 
single ladder without breaking it. 

Some details of the staging members are sketched in 
Fig. 6. 

The ladder sides are half-round timbers, placed with 
the flat sides facing in; they are made from round sticks 
of slow-growth straight fir, sawn down the middle; the 
two halves of a log are not used for the same ladder, to 
avoid twisting. The sizes are: for heavy ladders, 12 em. 
(5 in.) butt diameter and 8 cm. (3 in.) point diameter ; 
for light ladders 8 em. and 5 em. (3 in. and 2 in.). 
The ladder width is 50 cm. (20 in.) in the clear, except 
for the upper sections of light scaffolds, where ladders 19 


2x6"Beam | 
-for Hoist 
i 
' 


Stagin 
s faging? 


4 
vy 


nals 20t 
zontal Braces I3 t+ 
"for Ordinar 


hag 
7i 


Bix 139" for Hea’ 


oe 
5% 





Hook Connection 5 ue, Tee 


: 4” for Ordinary eee 
——————— Ps... 2°39 ‘ eavy 
pooks to 54-5 Staging Staging 
be.---207.-—-»4 . : ; 
Regular Ladder mp. — | 
— | SEXY Nail Re wlar i] 
’ Wall Strut Balt eg | 
be---198-0 to Ladder 4| 
Upper Sections A 
Pee Ladder Braces 
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in. outside width are used (with flat sides facing out- 
ward), to fit into the lower section. The rungs are 
154x7-in. (2x4 cm.). 

The horizontal and diagonal bracing consists of 5x1- 
in. (24x12 em.) boards, or for heavy scaffolds 5x11,-in. 
boards, made in lengths of 13 to 20 ft. At one end they 
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have a series of 1-in. holes for the connecting bolts, and 
at the other end a long 1-in. slot, giving complete ad- 
justment to any panel-len; th. 

Of the various interesting special applications of this 
staging system, the view, Fig. 7, is given of a scaffold 
with which the brick tank-tower at West End, Charlot- 
tenburg was built. The tower is 16 m. (52 ft.) in diam- 
eter. The staging had an outside diameter of 22 m. 


Fig. %. Erection Stracine or West END WaTERTOWER, 
CHARLOTTENBURG; Entire Brickwork Lai Up 
FROM THIS STAGING 


72 ft.) and a height of 73 m. (240 ft.). It was erected 
as a free-standing frame, and was made of two rings of 
ladders, 2 m. apart, the inner one 1 m. from the line of 
the tower wall. The ladders were set with their width 
parallel to the wall, and instead of being spaced uni- 
formly in each ring they were set as groups of rectangu- 
lar towers, which simplified the bracing and made it 
more efficient. All the masonry of the tower was built 
from this staging. These ladder scaffolds have also been 
used as inside staging and centering, as in constructing 
reinforced-concrete floors and in building the stone- 
vaulted ceiling of a church. 

The cost of the ladder staging varies with the case in 
hand. To give an idea of the cost, it may be stated that 
the staging shown in. Fig. 2 cost about $30, including 
the hire for three weeks’ use; the charge for the staging 
of the Apostel-Paulus Kirche, Fig. 5, was $2250. The 


fee for the staging of the West End watertower, Fig. 7, 


was $1000, but this scaffold stood 15 months before it 
was taken down. 
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Excavating a Bridge Abutment 
Foundation Through Quick- 
sand 
By Frank I. Barretrt* 


The accompanying illustrations show a metho 
handling quicksand where the processes of freezin: 
ballasting would be too expensive to undertake. 
writer lays no claim to the invention of this process ; 
having employed it with great success in dealing 
an extremely difficult piece of work he offers a des, 
tion in hope that the method may be of value to ot), 
who may be called upon to deal with a similar pro|) 

The work, of which the writer was in charge, consi- 
in building some concrete bridge abutments, to rest 
piles, 35 ft. below a river bottom. Just above the ri\, 
bed 8 ft. of quicksand was encountered, through whi. ; 
it was necessary to excavate to reach the desired fou 
dation grade. Through this the piling had to be driv 
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Perforated Well Points 


A Meruop or Excavatine A FounDATION PIT THROUGH 
QUICKSAND 


with a follower and by means of a water jet. The open- 
ing for the concrete abutment was 22x40 ft. 

After the piles and outside sheeting had been driven 
the excavation pit was encircled, 19 ft. above grade, with 
a 6-in. pipe header, fitted with T-joints and valves spaced 
from 3 to 5 ft. apart, or nearer, according to the vary- 
ing water conditions in different parts of the pit. To 
these T-joints were connected, through 2-in. pipes, 60- 


*J. G. White Engineering Co., Parr Shoals, South Carolina. 
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ell-points, 3 to 4 ft. long, which were driven about 


mes " 
Especial care was taken to make all 


G in. below grade. 
pipe j ints air-tight. 
‘| header pipe was connected by means of a gate 
to two 6-in. duplex pumps, one of which was held 
in ve for use in case of breakdowns or the encoun- 
i cing of unexpectedly large amounts of water. All pip- 
ine was boxed to facilitate the removal of the well joints 
and points. A vacuum was constantly maintained to in- 
sure proper suction and to prevent the quicksand from 
backing up in the pit. 
‘he best kind of pump for the purpose is an outside- 
packed pump. A large supply of extra valves, stems, etc., 
should be kept on hand for use in an emergency. 

‘To illustrate the effectiveness of this method it is of 
interest to note that 9 hours after the pumps were started 
the pit was dry and men were excavating in it. After 
12 hours of excavation the pit was ready for concrete. 
Before the pumping was tried the bottom of the pit was 
so soft that a man could not stand in it, and water boiled 
up under the sheeting which had been driven 12 ft. below 
the top of the quicksand. 

After 20 years’ experience in excavating in, soft bot- 
tom, the writer can say that the method above described 
is the cheapest and most satisfactory under such condi- 
tions as met with in this piece of work. 
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Unloading Earth from Cars by Sluicing 
By J. C. LatHrop* 


Va 


eve 


The water jet has been used for numerous engineering 
purposes, such as driving piles, placer mining, building 
earth-fill dams in mountainous or hilly regions, etc., and 
it has been applied recently as a novel method of unload- 
ing earth from railway cars and sluicing it into a fill.t 

The writer recently had occasion to make a fill for the 
Northern Ohio Traction & Light Co., of Akron, Ohio, 
amounting to 10,000 cu.yd., in a location where all the 
material had to be delivered in cars. The cost of unload- 
ing these cars by hand and transporting the material into 
its final position with either slip scrapers or wheel scrap- 
ers seemed so excessive that the following method of 
handling by water jets was adopted. 

The material consisted of cinders from various power 
plants and sand and gravel strippings from gravel banks, 
and all was ordered shipped in hopper-bottom cars. The 
fill was located within 400 or 500 ft. of a canal; and a 
centrifugal pump directly connected to a 20-hp. 500-volt 
d.c. motor was installed. A 4-in. pipe line was run from 
this pump to the dump and a dozen or more hose con- 
nections with gate valves were provided, about 100 ft. 
of common 21%-in. fire hose being used. 
| The material was delivered on cars on the railway sid- 
ing adjacent to the fill, and galvanized-iron chutes were 
placed under the hoppers of these cars. Then the bot- 
tom gates were opened, and the nozzle was forced from 
the top of the car through the material, and water poured 
in until the water acquired sufficient head to begin wash- 
ing the material into the chute. After this it was only 
necessary for the operator to keep sufficient material 
washed into the chute to keep it running unifcrmly full. 


*Northern Ohio Traction & Light Co., Akron, Ohio. 


+The use of hydraulic jets on a dipper dredge for the pur- 
pose of leveling the spoil bank and forming it into a ieves 
was described in “Engineering News” of July 31, 1913.—Editor. 
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By this method it was found that the average carload 
of sand could be unloaded by two men in about two hours 
and deposited in any position within 150 ft. of the ear. 
Possibly the cheapest and quickest method was to fill the 
car nearly full of water before opening the gates, as less 
water was required, i.e., the water easily carried a larger 
percentage of solid matter. More difficulty was experi- 
enced with the cinders than with the sand or loam, as 
the water jet did not se m to have its full effect, but the 
average car (40 cu.yd.) could be unloaded in from three 
to four hours. 

The advantages of this system were four-fold: (1) 
economy in unloading and depositing. (2) The mater- 
ial deposited was thoroughly compact and no settlement 
need be apprehended. (3) The ease with which cars 
could be unloaded enabled a larger amount of material to 
be handled in a given time, thus obviating any delay in 
other construction work which was proceeding at the 
same time. (4) The scarcity of labor in this vicinity 
made it almost impossible to secure enough men to unload 
these cars by hand. — 

The accompanying table gives the time and cost of un- 
loading cars (containing approximately the same amount 


COMPARATIVE COST OF UNLOADING MATERIAL AND 
MAKING FILL BY WATER JETS AND BY SCRAPERS 


(A) Unloading 10,000 Yd. (or 250 Cars) of Material by the 
Water-Jet Method 
1000 hours labor at 20c.......... $200 


Labor laying and removing pipe line, making electrical 


connections, setting pump and motor and removing 
SE eRe cd ie CRW hie eA Ae ees alee Cae OS &¥in pa a 225 
Depreciation. on plant, assumed at. kia hile Wea i Gk 4 i siaoe ha 100 
ee A GR” Os o's nb Bib os Cee Coe cee Waeas $i Senter 20 
Seer COORG. WOR PON. oe5 ok os Hee BO OEE el ; $545 


(B) Unloading and Spreading 10,000 Yd. (or 250 Cars) of Ma- 
terial with Shovels and Scrapers 


ae wee Baer ge BOR ola soteen 66 leak ese ees ee ome o8 $1000 
1600 hours team and driver at 60c.................. 960 
Weems CERGG BOP CUED 6 cok es akc eee cae $1960 


of material) by hand and by the water jet. This table 
is based upon tests of individual cars, as a complete rec- 
ord of this work was not kept, but sufficient data were 
collected to make this estimate reasonably safe. 
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Investigation of Existing Engineering 
Structures* 
By Horace R. Tuayert 


Probably no more difficult, unpleasant or thankless task 
confronts an engineer than the examination and report on a 
structure of doubtful safety. 

The first step in such an undertaking is to obtain the com- 
plete dimensions, cross-sections and details of the entire 
structure. Sometimes these data may be found on the contract 
plans. These must be used with very great care, however, 
as it is rare that some changes are not made either at time 
of erection or in subsequent use. 

The character of the material may appear on plans or in 
the records. Several pieces may be cut out to be tested, or per- 
haps a visual examination will determine a good deal. The 
former is the approved method of ascertaining if steel has 
been injured by fire or accident, while the latter might be of 
assistance in the case of wood or cast fron. It is extremely 
important to note the deterioration caused by rot, rust and 
wear due to traffic. One troubie with steel is that its over- 
load is hard to detect by an examination unless stresses ex- 
ceed the elastic limit. Workmanship must be determined by 
eye. 





*Abstract from a paper entitled “Historic Failures of En- 
ineering Structures,” read before the Sngrneety Society of 

estern Pennsylvania, May 6, 1913, and published in the June 
“Proceedings” of that society. 

+Assistant Professor of Structural Design, Carnegie In- 
stitute of Technology, Pittsburgh, Penn. 
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Finally, we must estimate live loads, compute maximum 
unit stresses in weakest part of each member, and compare 
results with those allowable by some standard specifications. 
Before rendering a definite decision, we should consider: 

(1) What possibility is there of an increase of loads dur- 
ing future life of the structure? It is quite possible that it 
might be all right for present conditions bat without reserve 
capacity. In this case the structure should be passed con- 
ditionally. 

(2) Would some special weakness exist under extraordi- 
nary loads? It may be wise to strengthen that part for the 
sake of the additional security. 

(3) Secondary stresses need not be included for designs 
in accordance with modern practice. But for long members 
and eccentric loads secondary stresses should be computed, 
especially for columns. If found to be excessive, say above 
15% of the principal stress, a corresponding reduction in 
allowable principal stress must be made. We believe that the 
present tendency is toward the much more logical method of 
computing secondary stresses and increasing in a like ratio 
allowable values. 

(4) Assistance of parts other than those usually taken as 
carrying the load, is to be assumed with a great deal of cau- 
tion. For example, rails, guard rails, and guard timbers will 
do much to assist a short, weak I-beam span; but if they are 
to be figured on, splices must be watched and the trackmen 
prevented from: pulling them up for repairs at a time when 
the full load is coming on. ‘ 

(5) Standard specifications have been evolved as a result 
of the failures and successes of the past and may generally 
be taken as a safe and dependable guide. For example, the 
usual clause prohibiting welded joints for members other than 


Fig. 1. RECONNAISSANCE GAGING FROM A River FERRY 


counters and wind laterals is to prevent accidents like that at 
Bussey Bridge.* 

(6) Particularly to be emphasized are the following 
points: 

(a) Precautions to avoid possible loss of life by fire in 
a building. Not only should the steelwork be protected as 
specified, but guard as well against inter-room communica- 
tion and the exposure to fire. 

(b) Provision for wind pressures all the way through the 
structure, 

(c) Fastenings of each part so that its separation from 
the remainder can be accomplished only by the rupture of the 
fastening. 

(d) Support of long compression members at frequent 
intervals. 

(e) Thorough bracing, especially in localities where high 
winds or earthquakes may be expected. 

(7) It might seem that the margin between an ultimate 
strength of 60,000 Ib. per sq.in. and an allowable value of 
16,000 lb. per sq.in. such as is employed in buildings, is ex- 
cessive. First, however, let us consider that the structure 
would be ruined by 35,000 lb. per sq.in., or more probab’y 
25,000, for practical conditions with full-sized pieces. When 
we come to consider eccentric stresses, overloads, etc., we 
find our margin nearly exhausted. 

As a general rule we suggest: 

For good designs allow 10% excess of stress above speci- 
fications; 10 to 20% overload should receive constant watch- 
ing: 20 to 40% is dangerous; above 40% the structure must 
be replaced at once. 

For poor designs, compute secondary stresses and permit 
totals to exceed above percentage values by 15. For worn, 
corroded or injured material, estimate or determine by test- 


*“Engineering News,” Vol. 17, p. 181. 
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ing, its strength as a percentage of its original s: 
care being taken not to overestimate. Original al) 
values multiplied by the percentages give our standard: 
the particular case. 


2 
A River Ferry as a Stream-Gagi: 


Station 
By W. C. Sawyer* 

The various contributions in ENGINEERING News ~y- 
eral months ago seemingly about exhausted the su\jjo 
of current-propelled ferryboats. But an unusual ws of 
these facilities was resorted to on the John Day Liver 
in Oregon by the writer while hydrographer for th. U 
S. Geological Survey, and a brief account may be of }), 
ing interest. ; 

On the reconnaissance trip along this river for the |o- 
cation of gaging stations, a set of meter measurements 
was made from one of these current ferries. For each 
reading point, the boat was held with a pole and the 
current meter let down from the gang-plank which wa: 
run out as far as possible over the edge of the boat (Fie 
1). The meter was so far from the boat and this was of 
such light draft, that there was little interference with 


Fie. 2. Gagine-Car on Ferry CABLE 


the normal current; the resultant discharge computed 
from these readings plotted well on the curve found from 
later measurements of the free stream. 

The river section below the cable proved a good one for 
gaging, and to avoid the expense of a new cable for the 
station, a gaging car was suspended from the ferry cable 
with snatch blocks. However, precaution had to be taken 
to avoid interference with the ferry service. A short 
line, with special tightening lever, was thrown over the 
ferry cable (beyond the traveler when it came along) 
and the ends attached to one end of the car. By work- 
ing the lever the cable was tightened and one end of the 
car lifted so that the block could be shifted and the trav- 
eler of the ferryboat run along. Putting back the first 
snatch block and shifting the lifting line to the other end 
of the car enabled the traveler to be passed by (Fig. 2). 
Fortunately, the ferry trips were not so numerous that 
these slack-wire gymnastics had to be repeated very often 
during a single day’s gaging. 

The ferry itself was operated with equal facility in 
either direction; lee boards were let down on the up- 
stream side and the lines to the traveler hauled in so that 
the boat hung from the cable at a small angle with the 
perpendicular to the direction of current. 


*626 So. Hope St., Los Angeles, Calif. 
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(,aphical Method of Dividing Neutral 
Axis in Concrete Arch Design 
By T. A. SmitH* 


» ealeulating the stresses in concrete arches it is cus- 
mary to divide the neutral axis into sections such that 
ratio of the length of each section to the cube of the 
de depth at its center is a constant. Thus, if S represents 
tie length of any section and D the radial depth at its 


center, the lengths S are made such that a 


t 


is a con- 


stant for all the sections. 

The following is a graphical method for making a di- 
vision of the neutral axis that will satisfy this condi- 
tion: 

Draw line AB in the accompanying figure to any con- 
venient scale equal in iength to one-half the neutral axis 
of the arch ring. The curve £F is drawn through points 
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whose ordinates are the values D* and whose abscissas are 
the corresponding distances along the neutral axis from 
the skewback. Assume the length AH, erect perpen- 
dicular LC at its center and draw AC and CH, then con- 
tinue to draw lines parallel alternately to AC and CH as 
shown in the figure. Only three or four trials will 
usually be required to divide the line AB into the de- 
sired number of divisions. The base of each triangle 
thus formed corresponds to S and its altitude to D*. 
Since all the triangles are similar by construction, the 


term a is constant throughout. 


The above procedure may be modified somewhat by 
drawing a second curve E’F” below AB, using the same 
ordinates as for EF. Having assumed AH as before, 
draw perpendicular CC’ at its center. Then draw AC, 
after which diagonals and verticals may be drawn alter- 
nately making the diagonals parallel to AC. This method 
offers the advantage of drawing all the diagonals parallel 
to the same line, while in the first scheme the diagonals 
were drawn parallel first to one diagonal line and then 
to the other. 

If it is desired to take account of the steel reinforcing 
in the arch ring the ordinates of the curve EF may be 
plotted for values of (Zc + Js) instead of D*, Jc and 
Ts being the moments of inertia of the concrete and steel, 
respectively, and n the ratio of the modulus of elasticity 
of steel to that of concrete. 





*Engineering Dept., Chicago, Milwaukee & St. Paul Ry., 
Chicago, Til 
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Handling Rails and Heavy Track 
Material by Machinery* 
By W. E, Davint 


A large proportion of the material used in the construc- 
tion and maintenance of roadway and track has been in- 
creased in size and weight until it is now a problem to load, 
unload, or move some of the heavier material by hand. The 
men are liable to be injured, especially if they are inexperi- 
enced, and the material also is likely to suffer damage. These 
conditions can be overcome, in a large measure, by the use 
of machinery in handling heavy material. 

There are in use on a number of roads, machines for loud- 
ing and unloading rails, frogs and switches and other heavy 
material. Some roads have special machines for handling 
material, designed and constructed at their shops. Some are 
for rails exclusively and others are designed for general use. 
For the latter, a locomotive crane that will handle all kinds 
of track material and can be moved to any point on short 
notice, is the most satisfactory machine. Its boom should be 
40 or 50 ft. long, with a removable section to adapt it to spe- 
cial work. 

In unloading new rails and distributing them along the 
track for renewals, a competent operator can lift the rails 
out of the car and set them at the side of the track, prac- 
tically in location where they are to be used, without stop- 
ping a train, moving along very slowly. The amount of labor 
required in connection with unloading rail with machine will 
be: 1 man at each end of rail in the car, 1 man to hook on, 
and 2 men on the ground to land rail at the proper location. 
In this way the danger of causing surface or line kinks in 
the rails is eliminated. 

With little additional expense a hoisting magnet can be 
attached to the crane, and scrap loaded or unloaded without 
laborers, Rails also can be loaded and unloaded with the 
magnet. 

Heavy frogs and track crossings sometimes are shipped in 
high-side gondola cars, and all the men that can get hold 
cannot lift them out of the car. With machinery available 
it is only a matter of a few minutes, with only one or two 
men. 

In handling ties and switch timbers, a locomotive crane 
will result in a great saving of labor. Ties can be unloaded 
from open cars in large bunches at one lift, if the loading is 
properly arranged. Where it is necessary to load old ties 
they should be piled with a sleeper or sill at one end to pro- 
vide for placing the chain, and all the ties should be laid 
parallel. The results accomplished in this class of work are 
very satisfactory. 

For loading, unloading, handling and placing heavy cast- 
iron culvert pipe, a crane is very necessary and the work can 
be done for about half the cost of hand work. For moving 
or setting telegraph, telephone or other poles, the use of a 
crane will result in a great saving. 

The extensive use of signals now requires a large amount 
of work in setting foundations, signal masts, bracket poles 
and signal bridges, and heavy interlocking machines. The 
work is sometimes done by hand, when a crane would have 
handled the work with 75% less cost. 

When a track crossing in a congested terminal is required 
to be renewed, there frequently is no room to put the cross- 
ing together in the ground. It is assembled on a car at some 
convenient siding and the car is then moved to the point 
where it is to be used. The crane lifts the old crossing out 
of place, sets the new crossing into place, loads the old 
crossing and the work is completed in a remarkably short 
time at a great saving of time and delay to traffic. 

In construction work, where steam-shovel tracks are to 
be shifted, a crane car can lift the tracks and shift the line. 
On fills and where tracks are being elevated the locomotive 
crane is indispensable. 


Roller Skating for business purposes instead of amuse- 
ment is a rather novel idea noted in a description of the new 
car-house of the Union Street Ry., at New Bedford, Mass., in 
the “Electric Railway Journal.” The storeroom is of very 
large size and the workmen employed in it wear roller skates 
in order to save time in making their continual trips from 
point to point. It is stated that the men find no difficulty in 
using the ladders which give access to the upper shelves and 
bins. 





*Abstract of a paper in the June number of the “Vain- 
tenance-of-Wa “Bulletin,” issued by the Roadmasters and 
Maintenance-of-Way Association, at Sterling, Il. 

tSupervisor, Pittsburgh & Lake Erie R.R., McKecs Rocks, 

enn. 
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Cost Data on Blueprinting 


By Frank H. Jonres* 


Actual experience in the management of the blueprint- 
ing department maintained by a large Eastern railroad 
afforded an opportunity to secure the following cost data, 
which may prove of interest and value to those who 
have similar installations under consideration. 

Fixed overhead charges, such as rent of space, lighting 
and heating, have been neglected in determining the cost 
of printing for periods of one typical month each. The 
given unit price is based on the cost of power, material, 
and labor, Each department using the printing room is 
charged a share of the total cost of maintenance as 
figured from the paper and cloth actually used by them. 

A 60-in. Everett-McAdam blueprinting machine, com- 
plete with lights and motor, was installed in 1908, the 
initial cost being $750, and the cost of wiring and other 
necessary changes in the room was $25. The average 
life of each mercury-are lamp under ordinary conditions 
is about 18 months. The cost per lamp for replacing is 
$16, complete. Through carelessness the large glass cyl- 
inder of the machine has been broken once and replaced 
at a cost of $75. The total cost of renewal and main- 
tenance of the machine in four years of constant service 
has been about 20% of the initial cost. 

The average amount of electricity used in running off 
from 12,000 to 18,000 sq.ft. of paper and cloth blueprints 
and Van Dyke prints is estimated at about 200 to 300 
kw. hr, and is furnished by the terminal company at 
lle. per kw. hour. 

T'wo men, one at $50 per month, for printing, manage- 
ment, and making reports, and one at $6 or $8 per week 
for washing and cutting, can handle about 15,000 to 
25,000 sq.ft. of the average run of printing per month, 
including cloth, white and Van Dyke prints. Seven ta 
eight hours per day and three or four hours on Saturday 
constitute the basis of time. One man, who is a hustler, 
can print, wash and trim from 8000 to 12,000 sq.ft. per 
month, the basis of time being seven hours per day. 

The cost of blueprint paper and other process-printing 
stock is figured on the monthly statements at an average 
of 0.4c. per sq.ft. This includes the average run of all 
kinds of process-print stock. Quotations on coated paper 
from a standard dealer are: 
50-yd. roll 24-in. medium paper 
0-yd. roll 30-in, medium paper 
50-yd. roll 36-in. medium paper 
50-yd. roll 42-in. medium paper 


5O yd. roll 54-in. medium paper 
10-yd. roll 30-in. cloth 


Monthly statements showing the cost of operating the 
blueprinting department for typical months and under 
various conditions are given herewith: 


November, 1911 February, 1913 
Sq.ft. paper used 14,300 Sq.ft. paper used 
Sq.ft. on orders 12,920 Sq.ft. on orders 
Cost of paper $57.20 Cost of paper. 
Cost of power 29.81 Cost of power 
Cost of labor 48.71 Cost of labor 
Total cost 135.72 Total cost.... 
Cost per sq.ft 0.0103 Cost per sq_ft 
Waste 3 10% Waste ‘ 


October, 1912 March, 1913 
Sq.ft. paper used 9901 Sq.ft. paper used 
Sq.ft. on orders 8327 Sq.ft. on orders 
Cost of paper $39.64 Cost of paper. 
Cost of power 23.31 Cost of power 
Cost of labor. - 75.05 Cost of labor 
Total cost 138.00 Total cost. . 
Cost per sq.ft 0.014 Cost per sq.ft 
Waste . 16% Waste 


*2817 Washington St.. Roxbury, Mass. 
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Another Rigging for a Derrick 


A derrick tigging involving a single connection of 
becket line to the boom, a little beyond the center of 
latter, was observed by J. L. Southworth, Assistant ; 
gineer, New York Barge Canal, and is illustrated in 
accompanying sketch sent to us by him. We assume 
the method applies only to spliced-boom derricks. 

In Enotneerine News, June 26, we published 
sketch of a certain derrick whose boom broke. With 1! 


2Rope SHEA os 
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rigging the becket line was fastened to the boom at se\ 
eral points. We also invited discussion upon the sub 
ject of derrick rigging. 

Mr. Southworth claims that the method of rigging 
shown in his sketch “allows the boom more freedom for 
vibration, thereby lessening the chances of the end sna) 
ping off, in the event of the boom being dropped and 
suddenly caught.” 

+ 
A Platform for Dumping Quarry 


Cars 

Cars for carrying stone from the quarry to the crusher 
should be as low in height as possible, particularly if 
they are to be loaded by hand. They should also be so 
constructed as to dump instantaneously and automati- 
cally upon arriving at the crusher, both to save time in 
unloading and to save the additional cost of unloading 
by hand. For this kind of work several cars have bee 
designed which involve two underframes; but this dupli- 
cation of parts greatly increases the cost of the car. 

The accompanying photographic view shows the «e- 
sign and the operation of a car and dumping system 


Tuer Dcumprmnc PLATFORM IN OPERATION 
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d by the Orenstein-Arthur Koppel Co., of Pitts- 
Penn., which is claimed to involve a lower first 
and to make unloading cheaper, than any other 
f equipment for a like purpose. As shown in the 
ration, the cars are very low double-truck _flat- 
-. having a floor space 20x6 ft. 5 in., 2 ft. 85 in. 
above the rails. 
\ platform, hinged at one side and supported on the 
er by two air cylinders, is installed at the crusher. 
pon its arrival at this point the car runs upon this plat- 
‘orm, and a catch automatically engages the side of the 
car. By admitting air into the cylinders, the platform 
and car floor are tilted to an angle of 45 degrees, dump- 
ing the load into the crusher. Releasing the air from the 
-ylinders, after the removal of the load, causes the car 
to resume its normal position. 





NOTES 
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Cinder-Conecrete Wall Lining is used on the exterior walls 
of the new building of the Deutsches Museum,’ at Munich, 
Germany. Its purpose is to serve as insulation and also sup- 
ply a base which will take nailing, ete. It is not made with 
ordinary ashes or cinders, but with broken tufa, from Ander- 
nach-on-the-Rhine. With this material a cement concrete 
is mixed 1:12 or 1:16, and used to form a 5-in. layer on the 
inner face of the exterior wall, the rest of the wall being 
stone concrete. This tufa concrete permits nails to be driven 
in easily, and it can be worked with tools, as was proven 
by sawing into it at the corner of a door jamb with an ordi- 
nary crosscut saw. 


Combination Steel-and-Wood Sheetpiling—In the construc- 
tion of the new bridge over the Cumberland River at Nash- 
ville, Tenn., for the Louisville & Nashville R.R., the coffer- 
dams for the piers were made with steel-and-wood sheet- 
piles, of a type patented by H. M. Gould, Vice-President of the 
Foster-Creighton-Gould Co., of Nashville, which has the con- 
tract for the bridge. The piles are shown in the accompany- 
ing cut, and consist of 12-in. 20%-lb. steel channels set with 
the flanges overlapping or interlocked. Each alternate pile 
has on the inside a 3-in. timber 9% in. wide, covered with a 
\y-in. steel plate 12 in. wide, as shown. The timber and plate 
are secured in place by %-in. bolts through the web of the 
channel. The flanges of the two adjacent channels lap over 
the flanges of the combination pile. They bear against the 
sides of the timber, while the projecting sides of the steel 
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plate serve to hold the piles in place. The corner of the 
cofferdam is made by fitting two channels at right angles 
and riveting them together, as shown. 

The moment. of inertia for the 12-in. channel-and-plate 
pile (not counting the timber filler) is 18.6, and the weight 
of shapes per sq.ft. of cofferdam is 28 Ib. For 15-in. piles, 
the figures are 33.9 and 34.5 Ib., respectively. 


Engine Long Submerged—tn the great March floods (Mar. 
24-28, 1913) a Pennsylvania passenger locomotive went into 
the Mad River at East Liberty, Ohio, where a bridge was 
washed out. Traffic across the gap was restored in a month, 
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but the engine was not hauled out of the water until nearly 
four months later. The view below was taken Aug. 14; two 
wrecking cranes are lifting the locomotive out of the river 
and setting it on the trestle. 
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Plumb Line Target—The patentee of the plumb line target 
described in our issue of Aug. 21, p. 365, has this to say in 
regard to our suggestion that the wind might be an obstacle 
in centering the bob with target attached: 


Before I applied for a patent on this device, I tried out 
the disk in different ways, and I found that the proper method 
of using the device was to hold the disk and string against 
the forefinger, so that the man at the transit would get a 
full view of it, and could readily find the plumb-bob line. This 
is the way the target should actually be used. I found that 
when this method was applied, it had a tendency to steady 
the string with the plumb bob at the end of it. Under these 
conditions, I can see no grounds for your objection. 


Manval Signals for Field Engineers—The following con 
tribution to this subject is made by J. V. Rockwell, Civil En- 
gineer, U. S. N., Washington, D. C.: 

Referring to the manual signals for field engineers de- 
scribed in your issues of May 22 and Aug. 21, 1913: it is over 
10 years since I was engaged in railway work (on the Chi- 
cago & Northwestern Ry.), but 
at that time there appeared to 


be in general use signals almost d i 
identical with “A” to “G” inclu- / 

sive and “J” of those shown by ‘ 

Mr. Beard in your issue of Aug. 

21, 1913. 


For transmitting numbers it 
was customary to face toward 
the person with whom communi- 
cation was desired, and g0 ( 
through motions of writing the ‘ 
figure on an imaginary black- 
board somewhat as shown in the 
attached sketch, which illus- 
trates the method of signaling 
the figure 3. This was compara- 
tively simple, required only one 
hand and did not necessitate 
nee any semaphore code, janleie 
as would be necessary with the - 
systems illustrated in “Engineer- e 
ig News”; nor would it be neces- 
sary to step out from behind the 





instrument in sending; and one MANUAL SIGNALS 
hand would serve. Of course, to on Fre 
the receiver of the numiber the FOR FIELD 


figure appears backward or as it 
would be seen in a mirror. These 
signals appeared to be a matter 
of common knowledge; a new man coming into the party 
would easily pick hen up by association; there were no 
printed forms or instructions. 
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Steam Shovel Track Connection—Every shovel man knows 
that much time is needlessly lost in moving up. This loss 
is sqmetimes due to the poor organization of the crew, but 
more often to derailment and other delays due to soft ground 
and poor track laying. Many methods have been devised for 
cutting down these accidents by the introduction of various 
devices for connecting the track ends. 

The most common method is the ordinary splice bar, which 
holds the rails together by means of a pair of pins or bolts 
slipped through holes bored in the rail ends and through 
each end of the bar. Another device is a pair of angles 
mounted on a plate and bolted to the tie. A better device, 
however, is a rail chair. It consists of a steel casting which 
fits loosely over the end of the rail, its length corresponding 
to the width of the tie, Le.. 8 in. The casting is bolted to the 
tie as shown, and is fitted with pins chained to the castings 
in order to prevent loss. 
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This device has several important advantages over other 
devices. One of the chief causes of derailment is the side- 
ways rolling of the rail. This is. guarded against by the 
vertical flanges which fit close to the rail under the rail 
flange. This affords far greater rigidity than any other 
method. In shovel work the rails are often laid on uneven or 
soft ground, consequently the end of either rail is apt to 
be unsupported, as the tie will usually come under one end 


more than the other. Hence, the unsupported rail will tilt 
when the shovel wheel strikes the joint. The device described 
prevents this as it is firmly bolted to the tie. It saves time 
in laying track and insures a connection that the wheels will 
pass over without danger of derailment.—[From the “Ex- 
cavating Engineer,” July, 1913.] 


Hook for Drawings in Vertical Filing Cases—In filing blue- 
prints and drawings a very general practice is to fasten them 
together in sets by means of clamps or clasps of various kinds 
and suspend them in vertical filing cases. A simple method of 
fastening, shown in the accompanying cut, consists in the use 
of thin flat metal hooks, the lower part of which is split so 
as to receive the group of prints, and is perforated to receive 
an eyelet or staple which binds the prints together. The 
upper part is hooked over a rod in the top of the filing case, 
there being two hooks to each set of prints, as shown. 
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Hook AND FASTENING FOR DRAWINGS IN VERTICAL 
Finina CasEs 


If a cover sheet is used, this can have an index or filing 
number in the upper right-hand corner. The cut shows the 
general arrangement and also the hook in detail. The device 
is manufactured by the Ideal Specialty Co., of Detroit, Mich. 


Calculating and Adding Machines are used quite exten- 
sively in engineering and commercial offices, and a modified 
design recently introduced is said to contain important im- 
provements tending to accuracy in operation. These im- 
provements are locking devices intended particularly to re- 
duce the liability of error on the part of the operator and 
thus guard against mistakes and carelessness. In a machine 
having rows of keys there is the liability of accidentally 
touching two keys at once, and partially depressing a key 
adjacent to the one intended. The movement may be suffi- 
cient to cause the unintentional adding of a number in an- 
other column. To prevent this, in the new machine each 
key is made in two parts and cannot be depressed except 
when struck squarely on the top. 

In order to have the mechanism perform its functions 
properly and make the correct additions, it is necessary that 
each key, when struck, shall have its full travel on both the 
upward and downward strokes. But an inexperienced or 
careless operator may make a slurred or partial stroke to a 
key, causing it to add a wrong amount. To eliminate this 
liability of error, the mechanism is so interlocked that if a 
key does not make its full downward stroke, all the keys 
in the other columns are locked, and the numeral wheel in 
the column where the error is made shows a figure indicating 
to the operator which key was improperly struck. If this 
occurs while performing addition, and many numbers have 
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been added, the mistake is corrected by completing | 

finished stroke of the key. Then a release button is ; 

and the operator proceeds with his work. This avoi. 
necessity of having to begin the work anew. 

Should a key be struck a second time before it ha- 
pleted its upward or return stroke, it will not be dep: 
but will be locked by a device which prevents reversal! 
the full upward stroke has been completed and the k. 
turned to its normal position in the keyboard. The: 
vices not only guard against wrong operation, but noti 
operator of the error and compel him to correct it bef 
can proceed. They thus enable the machines to b« 
ated safely by men who had little training or expe 
with them. The improved machine is known as the 
E Comptometer, and is manufactured by the Felt & Ta 
Mfg. Co., of Chicago. 


A Fountain Drawing Pen—Many unsuccessful attem) 
manufacture a fountain drawing pen of commercial 
have been made. It is now claimed that such a devi: 
been perfected. The principle is very simple. The ink is con- 
tained in a rubber reservoir within the handle, as in the 
self-filling fountain pen in common use, and is fed to the 
blade by pressing a conveniently placed lever, which also reg- 
ulates the amount of flow. Should the test of time prove the 
claims of the manufacturer, the Keuffel & Esser Co., the pen 
will prove a valuable tool in the drafting room. 
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An Effective Cantilever Bridge, shown in the accompanying 
Fig. 1 and detailed in Fig. 2, was built by a troop of Boy 
Scouts over the Potlatch River, Idaho, after a sketch made by 
Prof. D, B. Steinman, of the Department of Civil Engineering 


of the University of Idaho. 


Fie. 1. A Cantitever Bripege Burtt sy Boy Scouts 


The 24-ft. suspended span consists of two 6-in. logs fast- 
ened into grooved bevels at the ends of the 8-in. logs forming 
the cantilever arms. The anchor arms are buried under a 
rock fill in inclined holes dug into the banks of the river. 
The roadway was made by laying cross logs held in place by 
the longitudinal stringers shown on the roadway in Fig. 1. 
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Fic. 2. DrtTAiLs oF THE BRIDGE 


Prof, Steinman writes: “Although the bridge was under- 
taken merely to interest and instruct the boys, it appears 
to be a practical design. It withstands storm and high water 
and is capable of carrying pack-horses and pedestrians.” 

It is doubtful if any other type of bridge of equal sim- 
plicity would fulfill the requirements without employing 
longer or heavier timbers. 


Gasoline Motor Trucks in a Railway Repair Shop are 
found advantageous at Nippes, near Cologne, Germany. The 
locomotive shop there is old, dating from 1859 though much 
enlarged in subsequent years. The arrangement of the plant 
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h that the facilities for handling heavy material from 
‘ ra are limited. Trolleyways can be used only in certain 
: “a narrow-gage railway tracks can be used only in 
of the yard. The problem of handling material was 
i by adopting power trucks; two gasoline trucks, each 
ble of carrying 2 tons and hauling a 4-ton trailer in ad- 
_ are in service at the present time. They have 12-hp. 
es. The vehicles are unusually small, compact and 
-y, and they are of special design, radically different in 
erous respects from the design of ordinary automobile 
ks, The drive is geared for speeds of 1% and 3 miles an 


snow Fences for the Italian State Railways have been 
built ef reinforced concrete along the Termoli-Campobasso 

e on the east coast of the peninsula. This branch is in 
mountainous country subject to heavy and continuous snow 
fall, which fills up the cuts beyond the power of the equip- 
ment to remove, About five years ago a start was made to- 
ward the construction of snow fences along the most unpro- 
tected sections of the line, following the design shown in 
the accompanying cut. Since then the whole line has been 
so protected, with great success. 
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Detail, OF SNow FENCE ON A Part OF THE ITALIAN 
State RAImLWways 


The fence comprises reinforced-concrete standards spaced 
6 ft. 7 in. ec. to c., with an intervening fence made up of 3-in. 
pine plank, fitting into grooves in the standards. Each stand- 
ard is of the size and slope shown and is founded on rock 
ballast filled into a pit dug for the purpose. The reinforce- 
ment of the posts is made up of four round rods tied together 
with %-in. wire. 

The fence is designed to resist safely a uniform horizontal 
thrust of 20 Ib. per sq.ft. or a concentrated horizontal thrust 
of 660 lb. at the top of each section of the fence. 

The construction is described in “Rivista Tecnica delle Fer- 
rovie Italiane,” Aug. 15. 


Rates Paid for Hired Machinery—The following table is 
taken from the recent annual report of the Public Works De- 
partment of Boston, Mass., and the data given refer to ma- 
chinery hired by the sewer service of the department for 
construction and repair work on the city’s sewer system, most 
of which is done by city day labor: 


Bull wheel derrick and engine............. _— to ) per mo. 


PUSNIREE SUNEION <b nc hb Cos ce kc hese ce cevesen ‘ in per day 
Carson trench machine, complete................ 70 per mo. 
Carson trench machine, without engine. .$125 and Hise per mo, 
Centrifugal pump ....... ede ve ct nelae es aes $1.50 and $2 per day 
PURBOMIOURE b5 oc5bccc ses ECON Se nee an $1.25 and $1.50 per day 
ee Vietcd eye ceevecvssneivene $1 per mo. per hp. 
Cableway and engine complete...............++.- $170 per mo. 
Hoisting engine ......... Wade 6000 eased sande ines v5 per mo. 
WS GRE iar ON bb bees titan deeb aetna sabeee per da 

SPO Aa ae CE u ae oho oka 60 08 ve cnce eb tccve $1.40 BS a sack 


Engineering, Administration and Incidental Expenses on 
$3,741,000 of contract sewer construction at Louisville, Ky., 
amounted to 12.07%, according to the Final Report of the 
Commissioners of Sewerage, January, 1910, to Mar. 13, 1913. 
On the 86 contracts this class of expenses ranged from 3.81% 
on a job costing slightly under $60,000 to 28.52% on a job 
costing about $27,000. For the job of highest cost ($330,000) 
the expenses for engineering, etc., were 10.26% of the total 
cost. The report mentioned contains a table which gives for 
each job the payment to the contractor at contract price, for 
extra work and for bonus; also liquidated damages charged 
to contractor, payments to contractor on account of claims 
for damages, and total payment to contractor. The table 
closes with expense for engineering, etc., and total cost under 
each contract. Percentages are given corresponding to each 
of the column heads. J. B. F. Breed was chief engineer of the 
Sewerage Commission and Harrison P,. Eddy, of Boston, Mass., 
was consulting engineer. 
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The Expansive Power of Water-Seaked Wood is well illus- 
trated by the accompanying view, taken in the basement of 
the Dayton, Ohio, factory of the Maxwell Motor Car Co. Just 
before the March-April flood of this year the pile of dash 
boards shown, made of oak veneered with maple, was stacked 
to within 1 in. of the lower face of the reinforced-concrete 
beam, forming part of the framing of the first floor of the 
plant. During the flood the basement was filled with water 
and the wooden plates consequently became soaked. They 
swelled to such an extent that they not only jammed against 
the girder, but in addition forced it up about 3 in. at the 
point of contact. The beam was cracked so seriously as to 
require replacing. The girder section was 12x24 in. 





A WatTer-Soakep Pinte or OAK Boarps WHiIcH PusHED 


Up a Concrete Foor 

The photograph from which the view was made was first 
furnished by T. B. Sellers, of the Ohio Inspection Bureau, Co- 
lumbus, Ohio, to the “Quarterly” of the National Fire Pro- 
tectien Association, in the July, 1913, issue of which the view 
appeared. 


Repairing a Damaged Steamship while floated by com- 
pressed air, instead of taking the vessel into dry dock, was 
accomplished early this year by W. W. Wotherspoon, an engi- 
neer who has had large success in the use of compressed air 
in raising sunken vessels. The transatlantic steamer “Uran- 
ium,” 5180 tons, went ashore at Chebucto Head, Nova Scotia, 
on Jan. 12, and after being floated was taken to Halifax for 
repair. The dry-dock, however, was occupied by another 
steamer, and would not be available until March. To avoid 
the delay, the rents in the hull were patched while the dam- 
aged compartments were filled with compressed air, the ship 
being practically a floating caisson. Men entered the air 
locks and made templates for the patch plates and bolt holes, 
and drilled the necessary holes. The plates (with tap bolts 
inserted) were lowered outside the hull, and guided into 
place by a diver standing on a submerged platform; the bolts 
were entered into the proper holes, and nuts and washers 
applied by the men on the inside. The ship was then able 
to proceed to New York. The work was very similar to that 
done last year by the same contractor on the larger trans- 
atlantic liner “Royal George,” the latter ship making a voy- 
age to England after having been repaired in this way, as 
described in “Engineering News” of Aug. 28. 
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Welding Nickel is now practiced in many shceps using 
nickel sheets and the like as raw material, according to a 
recent article in “Autogene Metallbearbeitung”’ (Nitirnberg, 
Germany). By working at the proper temperature and by 
hammering the metal during the work, a perfect weld can 
be obtained, The requirements are that the surfaces to be 
welded must be absolutely clean and bright, that the ma- 
terial must be heated to a clear white, that the support on 
which the sheet rests must have been heated to at least 700 
to 800° C., and that the working must be done with light, 
long-handled hammers (weighing about 1 Ib.). Under these 
conditions the procedure is like that in ordinary welding. 
However, to repair flaws or seams in nickel sheets, castings or 
the like, the defects should be scraped clean throughout and, 
after heating a thin rod or wire of pure nickel held against 
the flaw in the flame of a high temperature torch and with a 
small hammer the metal driven into the flaw or porous spot 
and worked sufficiently to secure complete union. 
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A Diagram for Computing Water- 
Hammer Pressure 
By Frank H. Carter* 


The determination of the proper thickness of material 
for steel-pipe lines involves a consideration of water-ham- 
mer as one of the important factors. For computation 
of thickness of pipe for cast-iron pipe distribution sys- 
tems with every line practically closed, it has been the 
custom to make certain arbitrary allowances of increased 
pressure due to water-hammer, assigning certain values 
according to the diameter of the pipe, as follows: 

42 to 60 in. 


10 to 3 in. 


From New England Water Works Association specifica- 
tions for cast-iron pipe. 


In dealing with penstock pipe lines for water power, 
with one end open an‘! the other end connected to water 
wheels, the problem of water-hammer differs from the 
closed distribution system in that the water-hammer 
probably varies from a maximum at the wheel to per- 
haps zero at the upper end. The law of variation has 
vet to be determined. In a closed water-distribution 
pipe system for water-supply it is assumed, and prob- 
ably correctly, that the excess pressure due to water-ham- 
mer is as likely to be as great in one portion of the pipe 
as in another, unless there is direct evidence to the con- 
trary; such as, for instance, proximity to standpipes for 
the supply to locomotives with water. 

In making studies for a penstock line recently, the ac- 
companying diagram was worked up by the writer from 
J. P. Frizell’s formula. 

P ee “ a angen 


1+ x 5° 


= initial velocity of water; 
= velocity of sound in water = 4700 ft. per sec. ; 
= inside radius of pipe; 
= thickness of pipe in inches; 
Ew = modulus of elasticity of water = 
per sq.in. ; 
Ey = modulus of elasticity of pipe. 
This formula is applicable only to long pipe lines, i.e., 


*147 Magazine St., Cambridge, Mass. 


+J. P. Frizell, “Transactions,” Am. Soc. C. E., 39, 
Terminology from Turneaure and Russell's Spublic Water 
Supplies,” Ist Ed., p. 243; 2nd Ed., p. 253. 


700,000 Ib. 
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those whose length is over one-half the length 1 
for the wave of “water-hammer,” or excess pres: 
travel during the time required to close the valy: 
closing causes the shock. Prof. 1. P. Church* stat. 
if the closing of this gate in seconds T is great 
the time of a wave “round trip” from gate to re 
and back 7's, the intensity of pressure due to wate: 
mer will diminish as follows: 

Pt T's 

rot 

The time 7's required for a wave of compress) 

travel twice the length of the pipe, that is, to ma! 
round trip is 


T's 


Where Vs = 4700 ft. per sec. approximately (velocity 
of sound in water). 

EXAMPLES—What will the excess pressure of water hai- 
mer probably amount to at the lower end of a penstock 15,)\)9 
ft. long, whose diameter is 60 in. and whose thickness of stee! 
is % in., the initial velocity of the water in the pipe being 
6.00 ft. per sec. at the time the gate valve begins to close” 

Entering the lower part of the diagram under a thickness 
of % in. and running along the horizontal line to the curve 


Malone’ : ar 


A Dtacram ror CompuTina PropaBLe Water-HamMer 
' IN PENSTOCKS 


makes 60-in. diameter, thence by the vertical line to the curve 
in the upper part of the diagram marked “6 ft. per sec.,” we 
read on the left-hand scale “352 1b.,” as the probable amount 
of excess pressure due to water-hammer, if the gate should 


b> closed in less than = 6.4 seconds. 


Again, what excess pressure will be caused by closing 4 
gate valve on a 60-in. line 3000 ft. long and % in. thick in 
five seconds, the initial velocity being assumed at 5.00 (| 
per sec.? 


2L 
Here = 
4700 
the water-hammer caused by closing the gate at the lower 
end of the pipe line in Ts or 1.28 seconds is 295 pounds. 
Then from the formula of Prof. Church 


Pt 1.28 
595 ~ gp 8nd Pe = 115 bb. 


The excess pressure allowance for water-hammer there- 
fore should be 115 Ib. 


1.28 seconds, and reading from the diagram 


*Hughes and Safford, a p. 390; Church, “Hy- 
draulic Motors,” ist Ed., 
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One Way to Cure Bad Roads 


\ newspaper item from Pottsville, Penn., states that 
Sept. 6 the Grand Jury at that place indicted the 
Siate Highway Commissioner, the District Superintend- 
ent of Highways, the Chief Engineer and the State Road 
|nspector of the district for misdemeanor in allowing sev- 
eral State highways in that locality to remain in an im- 
passable condition. If this precedent were to be generally 
followed, it would be extremely difficult to induce re- 
sponsible men,jo accept positions in charge of highway 
construction. It might even be necessary under such cir- 
cumstances to follow the example of some of the counties 
in the South and West which have defaulted on bonds is- 
sued many years ago in aid of railways. Certain officers 
of these counties, who are subject to imprisonment as a 
result of such defaults, are said to be regularly elected 
with the full understanding that they are to spend their 
time in jail during their term of office. 

We do not, of course, defend neglect of duties by those 
responsible for their discharge; but anyone undertaking 
the maintenance of a large mileage of highways in the 
United States today will of necessity fall far short of 
perfection in his performance. He will have to deal with 
roads more or less of which have been poorly built and 
poorly maintained in the past and which are being sub- 
jected to a traffic which their builders never foresaw. 
He will have to work with an organization in which more 
or less of ignorance and graft and political manipula- 
tion has been the rule. To expect perfect results under 
such conditions is to expect the impossible. 

The American people who want good roads need not 
expect to see their whole highway practice revolutionized 
this year or next year. The “recall” of a public official 
may be excellent where his incompetence is well estab- 
lished, but to jail a road officer for every stretch of bad 
road is too much like the Chinese custom of beheading 
every local official who incurs the displeasure of a Man- 
darin on his inspection tours. ; 
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Protecting Towns and Cities from 
Blackmailing Patent Litigation 


If the only patents ever issued were those covering 
genuine improvements in the art or industry to which 
they apply—improvements representing an actual ad- 
vance over previous practice—it is pretty safe to say that 
there would be no public opposition whatever to the pat- 
ent system. 

Under existing conditions, however, a large proportion 
of the engineering profession holds a hostile attitude 
toward the patent system, or at least the misuses of the 
patent system which have become altogether too common. 
We refer to the exploiting of patents granted upon tri- 
fling details of this, or that, or the other article of com- 
mon use, and particularly to the collection of royalties 
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on patents of doubtful validity by pressing claims against 
smal! users who are not in a position to ably contest a 
patent suit. 

In ninety-nine cases out of a hundred, the officials of 
a country town or a county or a small city know very lit- 
tle about patent law. They receive a notification that 
on some of the work under their charge, very likely built 
under direction of a reputable engineer, some patent has 
been infringed. The officials are given the choice of pay- 
ing the royalty demanded or defending a suit for in- 
fringement. The most they know about patent litigation 
is that it is exceedingly expensive. As to the merits of 
the patentee’s claim they know nothing. The easiest 
way for them out of the trouble, therefore, is to pay the 
royalty demanded, even though they may deem it unjust, 
rather than undertake the risk and expense of a patent 
suit. 

In many such cases the engineer who has been respon- 
sible for the installation in question is blamed. Even if 
he is free from financial responsibility for the infringe- 
ment, it is urged that he should have chosen a design 
that would not have interfered with anyone’s patent. 

Of course, if the owner of the patent in question con- 
trols a really valuable improvement in the art to which 
the patent relates, no one will question the justice of his 
demands for a royalty payment. We are not referring to 
patents of this class, but to patents which would not 
stand a fair test in a court before which the state of the 
art was fully sifted. Unfortwiately, it is often possible 
for unprincipled owners of patents which would not 
stand sue: « test to collect considerable amounts in roy- 
alties through a period of years without having their 
actual rights tested by the court. Sufficient suits can 
be brought against those who do not promptly accede to 
the demand for royalty to have a strong moral effect 
upon the smaller users at least. Suits can even be sent 
to trial in cases where it is found that the defense is 
relying on a weak or ignorant attorney or is not will- 
ing to spend enough money to investigate the state of 
the art and reveal the weakness of the patent in question. 

That the blackmailing of towns and cities by the proe- 
ess above briefly outlined has become a serious matter 
in some sections is indicated by a law just enacted by 
the last Iowa Legislature. This law enables the defense 
of a patent suit involving towns and citi s in Iowa to be 
undertaken by the State itself. The act is limited specifi- 
cally to patents relating to highway, bridge or culvert 
construction; but there is no reason why it should not 
be extended to other matters in which patent suits may 
be brought against towns and cities. We see nothing 
in such an act in any way inimical to the rights of legiti- 
mate patentees who are willing that their patents should 
stand the test of thorough sifting by the courts. The 
law simply enables the state to assume the burden of the 
defense in such cases for the benefit of all the municipali- 
ties in the state instead of putting upon some one of 
them the whole expense of a test suit. 
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The High Price of Capital 


It ig unnecessary for us to say to engineers that money 
for all sorts of productive enterprises at the present time 
is hard to get and must be paid for at a high rate of 
interest. The fact has been of record for months in 
the financial columns of every newspaper and is a mat- 
ter of common business experience. 

Further, since nearly all construction work, whether 
carried on by corporations, cities or states, must be pro- 
vided for by borrowing money through an issue of bonds, 
the state of the bond market is a matter of vital inter- 
est to the engineer. Not only does it have a very ser- 
ious effect upon the employment of engineers, but it com- 
pels the engineer to revise many of his calculations. The 
question whether an enterprise will or will not pay to 
those who invest their money in the risky end of it, is 
very closely dependent upon the rate of interest, since it 
is that which governs the fixed charges, 

It is not so many years ago that municipal or state 
bonds of the highest character bearing 3 tq 34% per cent. 
interest were readily salable. Some of the railway com- 
panies of highest financial standing were able at that 
time to sell 31% per cent. bonds at par. At the present 
time, the highest class of municipal and state securities 
sell on a 4% per cent. basis, and railway corporations 
of greatest financial strength must pay 51% to 6 per cent. 
or even more for money borrowed on either bond issues or 
short-term notes. 

As for the second-class securities, issued by companies 
not so well known to the investing public, they must 
pay a proportionately higher rate. 

So many misleading and false arguments are being 
based on these conditions in the financial world that it 
is proper to point out some of these fallacies. It is com- 
monly urged, for example, that the present difficulty of 
the railways in selling bonds is due to the current of 
popular hostility—the anti-railway legislation, the 
growth of public-service commissions, etc., and the de- 
mands of the railway labor unions. We are far from 
denying that these elements have an influence with the 
investing public, but they are not the chief reasons why 
railways are unable to borrow money on favorable terms. 
The fact that the interest rate on all securities, indus- 
trial corporations, city bonds and government issues, 
has gone up at the same time as the rate on railway 
bonds, is proof positive that the cause is a general one 
and not a special situation due to conditions in the 
railway world. 

There is, of course, the usual attempt to make politi- 
cal party capital out of the situation, and to charge the 
scarcity of money for investment to one or another politi- 
cal party. The fallacy of this idea is shown at once, 
however, by the fact that the condition is not confined to 
the United States but is world wide. It is a noteworthy 
fact that with all the limitation of competition that has 
gone on in transportation, industry and commerce, in the 
investment market the law of supply and demand oper- 
ates absolutely without hindrance. Methods of interna- 
tional banking and exchange have made the whole 
world’s reservoir of saved capital available to borrow- 
ers anywhere who are willing to meet the conditions and 
pay the price. 

As one of the chief figures in the finaneial world re- 
cently said, “The condition we face is a demand for cap- 
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ital in excess of supply,” and the reasons for thi. 
dition are patent almost upon their face. They a, 

the one hand, an extraordinary demand for capital, 

on the other hand, a supply which is probably stati: 

or even diminishing. The abnormal demand for 

tal arises partially from the war in the Balkans an. 
revolutions in China and Mexico. Coincident with ; 
there has been extraordinary industrial activity in 
Europe and the United States, making large dems 
for capital by all sorts of manufacturing and comn 
cial companies. At the same time cities and states 
world over are undertaking public works on an enorm 
scale. As typical of what is going on, we may meu 
the “Good Roads” movement and the movement 
better municipal sanitation, as having alone added jiu 
dreds of millions of dollars to the public debt of Ame: 
can cities, states and counties during the past two «: 
three years. Railways and other public-utility corpors 
tions all over the world are spending large sums {.: 
improvements made necessary by the growth of trailic 
and the demands of the public for better facilities. 

On the opposite side, as we have said above, there js 
reason to believe that there has been, during the past 
two or three years, a diminished amount of capital avail- 
able for investment. In the last analysis, as every econo- 
mist well knows, the only source of money for invest- 
ment in permanent improvements is the amount which is 
saved by individuals whose income is greater than their 
expenditure. While in the popular imagination, the 
huge incomes of the multi-millionaires loom large, thir 
investments are, after all, trifling, compared with the 
savings of the thousands of people of wealth or moderate 
means, and these agai) are small compared with the 
savings of the millions of the total population. It is 
the accumulation of the small hoardings of millions of 
individuals by the savings banks and the life insurance 
companies, which are after all the chief reliance of those 
who wish to borrow money on bond issues. 

It is common knowledge that the last four of five 
years have witnessed a great increase in the cost of liv- 
ing. This is partially due to an actual increase in the 
prices of the necessaries of life, but it is also largely 
due to a steady increase in standards of comfort and 
luxury. The development of the automobile is typical 
of the change which is going on. The wealthy man who 
was satisfied with an annual expenditure of a few hun- 
dred dollars upon his horses twenty years ago, now 
spends thousands upon automobiles. Coming down the 
social scale, the mechanic who is working for eight hours 
a day at a high scale of union wages, is very likely put- 
ting less money into the savings bank every year than 
he did twenty years ago when prices were lower and he 
was accustomed to do with less because his neighbors did. 

Discussion of these changes might be carried much 
further, but it is evident that they have a vast effect 
upon the margin of income over expenditure, which alone 
constitutes the fund available for investment. It is im- 
portant to note, moreover, that the changes we have been 
noting are not temporary, but to a large extent, at least, 
are permanent. 

Of course, in the long run, where competition has 
free play as it does in the investment market, supply ad- 
justs itself automatically to the demand. Higher rates 


paid for capital are an inducement to people to save . 


money instead of spending it; and on the other hand the 
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higher 7o‘es which must be paid for capital, directly limit 
the numer of enterprises which can be profitably under- 
taken. 

A rev. w of the situation would not be complete, more- 
over, Wi: out noting as one factor in the present financial 
-ondition, the extensive hoarding of money in both Eur- 
ope and the United States. A general foreboding of pos- 
sible impending trouble, whether it be due to a war in 
the Balkans or anti-railroad legislation in Kansas, has a 
world-wide influence in locking up savings that would 
otherwise be available for investment. It is not alone 
that the frightened French peasant hoards his gold in 
an old stocking instead of trusting it to the bank, but 
bankers the world over feel it only a measure of necessary 
caution to increase their cash reserves so as to be pre- 
pared for any eventuality. 
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The Problem of Economic Road 
Construction 


ExcineerIne News, as, its readers can testify, has 

been foremost in the defense of highway engineers un- 
justly accused of incompetence in their work. We have 
shown again and again that competent engineering 
direction and freedom from political control are the 
first essentials to secure good roads. But we say nothing 
not perfectly well known when we say that the engineer- 
ing profession has no reason to be particularly proud of its 
work on road construction during the past dozen years, 
even when carried on under the best conditions. It may 
be frankly confessed that the change from horse traffic 
to automobile traffic upset all past precedents of road- 
building practice and left engineers in the dark as to 
what procedure was best in road construction and re- 
var. 
. But the coming of the automobile not only changed 
all the road-engineering problems; it also created an un-. 
precedented demand for better roads. The automobile 
industry is wealthy and influential and the users of auto- 
mobiles represent a large proportion of the men of means 
and influence in every community and state. The com- 
ing of the automobile multiplied tenfold the strength 
of the good-roads movement, and has led to far larger 
appropriations of public funds for road work than would 
have been deemed possible twenty years ago. 

The engineers engaged in road construction, therefore, 
were compelled to launch out on new road work on a 
large scale just at the very time when they had to learn 
their business over again. 

They did the best they could with such knowledge as 
they had; but they had to launch forth in many un- 
tried experiments, and we now know that many of these 
experiments have turned out badly. 

It has seemed to us that it might be useful at this time 
to stand off and take a sort of bird’s-eye view of “where 
we are at” in road construction. Is there anything the 
engineer can do to solve his problem better? If there is, 
most emphatically he had best make haste and do it; for 
unless we find a better solution for this problem than 
many that have been accepted in the past, the reputa- 
tion of many engineers and of the engineering profession 
itelf is bound seriously to suffer. The voting and tax- 

- paying public, which bears the burden of paying for good 
roads, has been deluded by the wild and absurd claims of 
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good-roads boomers into the belief that good roads once 
built will cost less to maintain than the old dirt roads. 
Already they are finding their mistake and the shifty 
good-roads boomers are making a scapegoat of the en- 
gineer. 

This is one of the reasons why:it is time the engineer 
sat down and did some hard thinking on his own account 
to try and find out “where he is at” on this problem of 
road construction. It is in this attempt at a broad re- 
view that we may perhaps be able to offer something in 
the way of suggestion and aid. 

In the first place, let us state the foundation principles 
that should govern in economic road construction. The 
first principle is that the road is most economical whuse 
total cost per annum is the least; and the total cost per 
annum is equal to the interest on the cost of construc‘ ion 
plus the annual expense for maintenance, plus an annual 
allowance for depreciation which will be sufficient to en- 
tirely renew the wearing surface of the road at the end 
of whatever term of years it becomes worn out so that its 
complete renewal is necessary. 

This seems to an engineer, of course, a simple, self- 
evident statement; but it is not simple at all to the gen- 
eral public, which looks only at first cost and has no com- 
prehension of the heavy outlay necessary on nearly all 
roads for maintenance and depreciation. 

It is clear, too, that only an engineer (and an engineer 
who knows his business) can compute with any accuracy 
what the annual cost is of any type of roadway. For in 
order to determine the annual cost of a road, the average 
annual cost of its maintenance during its life must be 
known, and also the cost of renewing its wearing surface 
at the end of its life. We violate no confidence in say- 
ing that for many of the newer types of roadway, engi- 
neers have very limited information as to their life and 
their cost of maintenance. Besides this, the change from 
horse traffic to automobile traffic has made the engineer’s 
former data as to life of the older types of road, such 
as ordinary macadam, wholly unreliable for use under 
present conditions. 

The definition above of the most economic roadway 
as the one of least total annual cost does not take into 
account the extent of the roadway’s use. It is, of course, 
true that the greater the amount of traffic upon a road, 
the larger the sum which may be properly expended upon 
it. In fact, for a complete determination of the prob- 
lem of most economical roadway, the saving in cost of 
haulage by one type of roadway over another would have 
to be taken into consideration. This, however, is theoret- 
ical rather than practical, except where the saving in 
cost of haulage over a hard road compared with a dirt 
road is to be considered. Even here the current claims 
of the good-roads advocates as to the saving by hard 
roads over earth roads are wide of the mark. So far as 
the different types of paved roadway are concerned, it 
would be difficult to show any material difference in the 
cost of moving traffic over one type compared with 
another, provided they are in equally good condition. 

We have said that it might be useful for the engineer 
to detach himself for a bit from the study of details of 
the road problem and to take a broad view of it. In 
such a broad view it may be set down that there are in 
general three kinds of road surfaces and only three. 
These are, first, the ordinary earth road, second, the 
road whose wearing surface is made of stone chopped up 
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into small pieces and stuck together and, third, the road 
which is paved with blocks laid close together to cover 
the surface. 

Taking first the ordinary earth road, it is, of course, 
the cheapest by far in both first cost and maintenance 
cost. When in ideal condition, that is, neither so wet 
as to be muddy or so dry as to be dusty, it is the most 
agreeable roadway possible for light pleasure driving. Its 
worst fault is that in many soils it becomes a slough of 
mud and well night impassable during part of the year. 

The engineer can do a great deal to improve the earth 
road and at no very great cost. Underdraining, proper 
crowning, and road dragging to smooth out the ruts and 
enable the surface to shed water can vastly improve the 
mud conditions; covering a clay surface with sand or a 
sand surface with clay has also worked wonders. It is a 
fact that engineers, as well as the good-roads boomers, 
have too much neglected the common earth road and the 
methods of its improvement so that it may be uncom- 
monly good. 

It is instructive to reflect that over.95% of the high- 
ways of the country are earth roads and, except for such 
improvement as surfacing with gravel or such other nat- 
ural material as may be available at small cost, they 
are certain to remain earth roads for at least a genera- 
tion to come. If, then, the engineer can make the earth 
road a better road, within reasonable limits of expense, 
he will do more for the cause of road improvement than 
can be done in any other way. 

Nor is there anything impossible in this. At present, 
practically all the work on earth roads is being done by 
human muscle or horse power. When we have mechani- 
cal power successfully applied to road graders, road 
ditchers, road drags and like machines, we may be able 
to very much reduce the cost of improving earth roads, 
which means that we can afford to make a good deal bet- 
ter roads of them. 

Turning now to the second class of roads, those made 
up of small pieces of stone stuck together, there are 
three broad varieties of this road; first, the road in 
which the pieces of stone are stuck together with mud— 
that is, the ordinary macadam road (commonly called 
“water-bound,” which is an absurd term since water has 
no binding power) ; second, a road in which the stone 
fragments are stuck together with some bituminous ma- 
terial, a class which includes a wide range of pavements 
from a tar-sprayed macadam road to sheet asphalt, and, 
third, where the pieces of stone are stuck together with 
portland cement and a concrete roadway is produced. 

The life of any roadway of this second type depends 
on the life of its binding material. It is because the 
binding mud which holds the stone particles of a ma- 
cadam road surface together is too weak to bear the stress 
of automobile traffic that the road goes to pieces. 

Under a traffic of iron-shod hoofs and iron-bound 
wheels, a water-bound macadam road is continually being 
rolled down and pounded down to a hard, smooth sur- 
face. But under rubber tires driven at high speed and 
power, the surface of the road is substituted to a heavy 
stress, the dried mud binder is ground away and carried 
into the air as dust and the stones are loosened from 
their matrix and spread over the road surface. 

A gravel road is to be classed with a water-bound ma- 
cadam, since it consists of small pieces of stone stuck to- 
gether with mud; but it differs from it in that the pieces 


of stone are all very small, so that there are 
pieces to be loosened and roll on the top. 

A gravel road made of material containine 
binding qualities stands automobile traffic bett. 
water-bound macadam. Heavy and fast automo! 
fic will indeed ravel the road, but the gravel w: 
itself under the impact of rubber tires whence, 
comes to wet it, as a water-bound macadam wi! 

Wherever deposits of natural road-making gra 
available, therefore, they are deservedly given 
place in the estimation of road engineers. Bef 
automobile came, a gravel road was regarded as ; 
and inferior substitute for a water-bound macadan 
adays, some engineers question whether there is a1 
for the water-bound macadam; provided good gr: 
attainable within reasonable distance. 

Of course, building a gravel road for heavy | :ail 
means something more than digging any old gray.| 
of a bank and dumping it in any old shape in the | 
of the roadway for passing wheels to spread and pack. 
Screening pebbles out of the gravel and mixing i) sand 
and clay where necessary to furnish proper bindiny jna- 
terial for the gravel particles, are among the things which 
may be done to help make a gravel road permanent. 

Many gravel roads heave and break up under frost 
action; but good drainage and careful maintenance to 
keep water from standing on the road surface will he!) to 
reduce this trouble. 

Turning now to the roads in which small pieces of 
stone are stuck together, not with mud, but with resil- 
ient bituminous cement of asphalt or dried tar, these 
roads were a natural evolution from the water-bownd 
macadam type when engineers sought for a binder that 
would stand the stress of automobile tires. 

Every engineer knows that there is a time in the life 
of a bituminous macadam road when it furnishes an 
almost ideal surface, as springy and elastic and tough 


- almost as rubber. If it only would stay so! Was there 


ever a type of road surface which produced such a large 
crop of successful admirers and also such bitter disap- 
pointments as the bituminous macadams? 

We shall not here discuss the relative merits of the 
mixing and penetration systems or other of the many 
questions, concerning which volumes of literature have 
been written. 

The central fact appears to be that the life of all roads 
of this type depends on the life of the various organic 
materials in the cement which holds them together. Ev- 
perience has demonstrated that the life of some of these 
cements when exposed to the weather is very short. And 
when the “life” goes out of the cement and it becomes a 
weak, brittle, porous, friable mass, such as most engi- 
neers experienced in road construction know only too 
well, the road built with it goes to pieces. 

Some bituminous cements have a far longer life than 
others. Eminent engineers and chemists have spent 
much gray matter trying to find how to tell a good \i- 
tuminous cement from a poor one. All alike are black 
and sticky at the start and only chemical analysis wil! 
determine whether the material is good or bad. Indeed, 
it is objected by some that even the chemist is not able 
to infallibly tell the good from poor. 

A great many million dollars have been spent during 
the past five years in buying tars and asphalts and oils. 
and incorporating them in road surfaces. If a fair ap- 
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were made today of the remaining value in ‘these 
rfaces, We believe it would represent a very small 
nerce, age of the original investment. 

Ey rience has certainly shown that if bituminous ma- 
‘s to be used to stick broken stones together for 


pra! 
roa‘ 


; oa _ surface, the material and the work must be good 
enouci to stand traffic for a reasonable term of years. 
Many good engineers have been forced into the use of 
cheap forms of bituminous macadam in order to cope 
with the dust nuisance and make worn-out water-bound 


macadam roads usable. But money spent in that way 
js like pouring water into a sieve. 

The conerete road, built by sticking together pieces of 
stone with portland cement, has acquired a bad reputa- 
tion from those who have laid concrete roads by various 
patented processes, and have not laid them well; and 
further because it has been laid where it has received a 
traffic that no form of broken stone road—whether stuck 
together with mud, bituminous cement or portland ce- 
ment, could long endure. 

During the past three years engineers have tackled the 
problem of making a concrete surface as good as can be 
made by the use of the best methods of mixing and plac- 
ing conerete, and the concrete highway is now recog- 
nized as a strong competitor of bituminous macadam. 
Here again, success depends on making the roadway so 
well in the first place that the surface will endure traffic 
without injury for a long period of years. The success 
of the concrete pavement has been greatly aided by the 
change from herses to mechanical traction. A smooth, 
hard, concrete surface endures the shear of rubber tires 
without injury, but is ground up by sharp horseshoe 
calks and heavily loaded steel tires. 

Turning now to the third type of pavements, those in 
which the road surface is covered with blocks, this type 
of roadway has been considered out of the question for 
highways, notwithstanding its wide use on city streets, 
on account of its high first cost. But, as we showed 
above, the first cost is only one element in the final cost 
of a roadway to the taxpayers. If, for example, a road- 
way costs for maintenance $400 per mile per annum, 
this maintenance charge alone will be as heavy a burden 
on the taxpayer as the interest charge at 4% on a road 
costing $10,000 per mile to construct. 

This ig merely an illustration of the fact that it will 
pay to spend several thousand dollars a year more on 
the construction of a road, if the annual expense for 
maintenance may be reduced to an amount that will be 
materially greater than the interest charge on the added 
cost. 

So far as durability and low cost of maintenance under 
very heavy traffic are concerned, the block pavement is, of 
course, superior to any form of pavement composed of 
crushed stone stuck together. While the impact of 
horses’ shoes slowly wears block pavements subject to 
heavy traffic, as in a city street, the wear of such pave- 
ments by automobile traffic is inappreciable. From 
another point of view, the advent of the automobile is 
favorable to block pavements. The macadam road gives 
a better foothold and is less severe on horses than the 
block pavement, and is also less noisy. But none of these 
objections hold where automobile traffic is concerned. 

Again, the block pavement as formerly laid was jointed 
with some sort of bituminous material which gradually 
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wore away under traffic, making a rough surface with 
many crevices to catch dirt. 

But a block pavement, if it is to be smooth enough for 
high-speed traffic (and if it is not smooth, it will not 
be durable) must have a concrete foundation and a 
sand cushion between the blocks and the concrete. This 
brings the total cost per square yard for either wood 
block or standard stone-block paving too high for consid- 
eration on country roads. 

We are thus reduced to artificial blocks of brick or 
asphalt, or possibly, to the small stone blocks recently 
brought forward in this country under the trade name of 
“Durax” paving. If these small stone blocks (about 3- 
in. cubes) could be produced on a large scale and sold 
cheap enough, the pavement might find an enormous 
field of usefulness. As far as durability is concerned. a 
3-in. carpet of granite cubes on a street should last indef- 
initely. At present, however, the cost approaches that of 
a standard stone pavement. 

Turning now to roads paved with brick or asphalt 
blocks, the use of the latter has so far been confined 
almost wholly to city streets. Brick pavements have been 
laid, however, on a large mileage of country roads in the, 
Middle West, where the best paving brick is made and 
can be purchased at the lowest cost. 

So far as the character of the finished pavement is 
concerned, a brick pavement laid according to the best 
specifications is nearly an ideal pavement, so far as 
smoothness, freedom from wear and low cost of mainte- 
nance are concerned. 

The economic question for an engineer to settle is 
whether the extra cost of a brick pavement, over either 
concrete or bituminous macadam, is justified by its lower 
cost of maintenance and longer life. 

The answer to this question will be different in . iffer- 
ent sections of the country, according to the relative cost 
of paving materials. In the paving-brick centers of Ohio 
and Indiana, a first-class brick pavement may be laid for 
little more than $2 per sq.yd. If the cost of first-class 
bituminous macadam is taken at $1.70 per sq.yd., and of 
concrete at $1.40 per sq.yd., most engineers would advise 
the more expensive pavement as the cheapest by far in 
the long run. But as one goes farther away from the 
paving-brick centers, where freight on the brick becomes 
a large item, and few contractors are expert in brick 
paving, the cost of brick paving rapidly rises, so that the 
condition of the problem changes. 

To sum up our discussion briefly: The economie prob- 
lem before the engineer is to build a good road which 
will have the least total annual cost. Assuming that the 
traffic is great enough to demand something more dur- 
able than a gravel or water-bound macadam road, he has 
a choice between concrete, bituminous macadam and 
brick. There is, and ought to be, sharp competition be- 
tween these three interests. The problem of those in- 
terested in the concrete road and the bituminous-ma- 
cadam road is to find ways and means to make these 
roads more durable and at the same time reduce the cost 
of their construction. There are large opportunities for 
this, we believe. By doing work on a sufficiently large 
scale, it may yet be possible to build good concrete roads 
for little more than a dollar a square yard and perhaps 
an equally low figure for good bituminous macadam may 
yet be reached. 

















































~ 


| 
é 
3 
4 
4 
s 
& 
} 
i 
| 
4 


622 ENGINEERING NEWS Vol. 10, ° 


Such reduction in cost, however, must not be at the 
sacrifice of durable construction. An average expendi- 
ture for maintenance of only 4c. per sq.yd. per annum 
will pay the interest on an additional expenditure of a 
dollar a square yard in the original construction. 

An average expenditure of 4c. per sq.yd. per annum 
on maintenance is equivalent to $370 per mile per an- 
num. There are few macadam roads carrying heavy traf- 
fic which are not now costing much more than this per 
annum to maintain and on many roads two and even 


LETTERS TO 


Water-Works Growth and Improve- 
ments, San Diego, Calif. 


Sir—Your issue of Sept. 4, 1913, in which you give 
an account of the organization of the Department of 
Water, City of San Diego, you give the population of the 
city as 40,000. It is true that San Diego had about 40,- 
000 population in 1910, but our growth has been so phe- 
nomenal that we have increased to practically double that 
amount at the present writing. 

Without going into the claims that San Diego, accord- 
ing to Pope’s Official Directory, has 90,000 population 
at the present time, allowing 21% for each resident’s 
name, I would say that at the beginning of 1910 we had 
8264 service taps while at the present writing we have 
13,876. In the year preceeding January, 1910, we used 


1,387,000,000 gal. of water. During the year 1912, we _ 


used 2,094,000,000 gal. It is hardly fair, when we have 
the increase in population that San Diego has experi- 
enced in the last two years, to still consider it a city 
of 40,000 population. 

Last year San Diego bought a water system for $4,- 
000,000, paying $2,500,000, and obligating itself to the 
extent of $1,500,000 to be paid in ten years. This com- 
ing October we have up for the vote of the people the 
issuing of bonds for the following improvements which 
shows you to the extent we are doing business in San 
Diego. 


(1) Diverting dam and conduit in Cottonwood Creek 
to prevent seepage losses $185,000 
(2) Repairs to Dulzura Aqueduct, important for its 
ne use 30,000 

(3) Pipe line from Bonita to proposed 15,000,000-gal. 

reservoir to increase the capacity of the mains 

to the city and to eliminate a large portion 

of the present pumping 220,000 
15,000,000-gal. reservoir at end of new main to 

secure a supply near city in case of temporary 

breakdowns and for substantial fire protection 75,000 
Filter plant 60,000 
Engineering for the investigation of additional 

water-supplies, including stream measur- 

ments, exploration of dam sites and surveys.. 50,000 
Pipe line from proposed 15.000,000-gal. reservoir 

to prevent city distributing system 55,000 
Rights-of-way 25,000 
Pumping plants in the Valley of San Diego 

River for additional water-supply for emerg- 

ency in dry years 
Improvement of present distributing system.... 
Caring for Otay seepage 


$980,000 


At the present time we have all the available force in 
the Department of Water working on the physical values 


three times this amount is now being spent {: 
tenance. 

The interests which are advocating the con: 
of concrete roads have had the wisdom to see | 
success of the concrete road depends first on 
such excellent construction that the surface wil! 
tically permanent. The interests. which are pus) 
use of tars and asphalts in road constructio: 
achieve at least as good a result or they will in 
be left behind in the race. 


—_— 


THE EDITOR 


Tn 


and engineering features of the distributing and im- 
pounding system of the City of San Diego. 
H. A, Wuirtney, 
Hydraulic Engineer, Water Department. 
San Diego, Calif., Sept. 12, 1913. 


New York City at the Opening of the 
Nineteenth Century 


Sir—I noted with interest the quotation from Mr. R. 
C. Hardman in your issue of Sept. 4, in reference to con- 
ditions in Pittsburgh, Penn., in 1807. I have a (azet- 
teer of the Unilcd States, published in 1805, whose title 
page states, among other things, that the volume con- 
tains “A Succinct Account of Indiana, and Upper and 
Lower Louisiana Territories—To Which Will Be Added 
a Description of More Than One Thousand Places, Not 
Noticed in any other Geographical Work. Embellished 
with a Handsome Map of the United States.” 

Its notice of Pittsburgh is not quite as flattering as the 
one referred to above, but it does state that “It consists 
of several streets, crossing each other at right angles; the 
number of dwellings by a late enumeration is 260, con- 
taining 1555 free persons, and 10 slaves, besides a jail 
and courthouse,” ete. 


The following extracts from the description of New 
York City may be of interest: 


The city is the largest in the state of that name, and sec- 
ond in the United States in respect to population, but first 
in commerce. It is situated on the S. end of Manhattan or 
New York Island, at the head of a bay, and in a county of 
its own name. The N. end of the island is connected to 
the main land by a bridge erected over Spyten Duyvel Creek, 
called Kings Bridge. It is celebrated for a battle fought 
here in the late Revolution, between the American and the 
British forces, in which the latter gained the passage of the 
bridge. . . . The plan of the city is irregular, as the form and 
situation of the ground would not admit of a plan similar 
to that of Philadelphia* and some other towns of the United 
States. . . . Broadway is the most agreeable and pleasant 
part of the city; it extends due N. from that point which is 
formed by the junction of the Hudson and East River, occupy- 
ing the height of land between them, and rising gradually as 
it advances northward. It is 70 feet wide and is ornamented 
with some handsome buildings. On the S. end is an elegant 
brick edifice, for the accommodation of the governor, besides 
2 handsome Episcopal churches, and several neat dwellings, 
in different parts of the street. It terminates at the N. end 
in a triangular area, frontitf® the bridewell and almshouse, 
commanding an agreeable view of the bay and narrows. 


*Not necessary to state that the “Gazetteer” was pub: 
lished in Philadelphia. 
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l-street stands elevated. It is generally 50 feet wide, 
zularly built, with elegant dwellings. Broad-street 


a s from the exchange to the city hall; it was originally 
bu: . on each side of a small creek which passed under the 
ci all . . . The handsomest building in the city is 
fed.) hall, It is justly admired for the beauty, variety, and 

nce of its architecture. . . . The scarcity of good 

was formerly a great inconvenience to the citizens, but 
th are now supplied by means of pipes, which convey water 


through every street. 

The eltizens of New York have long been distinguished 
ror their galety, politeness and affability. . . . 
rhe present charter of the city is dated January 15, 1730; 
there was another charter granted by governor Dongan. 
on the 22nd of April, 1686, which recites that the city of New 
York was then “an ancient city” and that the citizens “have 


anciently been a body politic and corporate.” 
From the above we may conclude that New York has 
been “some city” for some time. 


but 


M. H. Dovenry. 
5030 Stuart St., Denver, Colo., Sept. 10, 1913. 


Waterproofing or Drainage of Tun- 
nel Arching? 


Sir—The article in your issue of June 26, describing 
the repair work to the lining of a tunnel in Germany, is 
very interesting to the writer on account of the utiliza- 
tion of dry rock packing over the arch, thus giving an 
opportunity for the free passage of the water from the 
overlying material to the drains in the side walls. 

It does not appear from the description that the rock 
packing was placed primarily to facilitate drainage, but 
presumably it was used only as a means of filling the 
space opened up for the purpose of making the repairs, 
dependence being placed on a layer of waterproofing ma- 
terial to keep the water from reaching and passing 
through the arch. 

In the original design for the Bergen Hill Tunnels of 
the Pennsylvania Railroad, provision was made for cover- 
ing the whole of the arch with a substantial layer of felt 
and tar waterproofing, and drain pipes were provided for 
in the side walls for leading this to the drains in the bot- 
tom of the tunnel, the matter of keeping the tunnels dry 
being considered particularly important as they were to 
be electrically operated. 

Considerable water was encountered during the exca- 
vation ; so much so that in some sections the laborers had 
to be provided with oilskins, the flow amounting to as 
much as 100,000 gal. daily. In placing the lining, how- 
ever, after a few hundred feet had been built, it was de- 
cided to do away with the waterproofing, except in a few 
very special cases, and rely on the dry rock packing over 
the arch to carry the water to the side drains. The wis- 
dom of this has been amply justified by the results, the 
tunnels today being reported as “dry as a bone” and 
there have been no signs of deterioration in the concrete, 
due to the chemical action of the surface waters, which 
have been found in some of the other tunnels built 
through the trap dike forming the Hudson River Pali- 
sades. It may be of interest to note that two-thirds of 
the length of these Bergen Hill Tunnels is below the 
water level of the Hudson River and only 10% of the 
whole length is waterproofed. 

It was the opinion of the writer that, even with a con- 
crete arch, if absolutely free drainage were provided, 
there would be no difficulty in regard to the water leak- 
ing through. Experience on the first New York subway 
had shown that waterproofing was not always to be relied 
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on in the presence of certain chemical constituents of the 
ground water and, where it is possible, as is generally 
the case over a tunnel arch, it may pay to take the section 
out a little larger and backfill carefully with rock to pro- 
vide a free drain, rather than attempt to hold the water 
back and allow even the smallest head to accumulate. In 
view of the increasing use of electricity for the operation 
of tunnels and of railway lines in mountain country, this 
matter seems to the writer to be of considerable interest, 
as a dry tunnel is not only advantageous for the electri- 
cal installations but also in permitting better adhesion 
to the rail and, consequently, better tractive power for 
the locomotives. 
F. Lavis. 
50 Church St., New York City. 
Sept. 19, 1913. 

[The case of the German tunnel cited points to the im- 
portance of efficient provision for longitudinal drainage, 
or means by which the drainage water back of the tunnel 
lining is carried off freely and is prevented from ac- 
cumulating.— Ep. | 





The Design of Masonry Dams 

Sir—The article in ENGINEERING News of Sept. 4, 
1913, by G. H. Moore, on “Neglected Principles of De- 
sign of Masonry Dams” should be read and pondered by 
every member of the profession. It is a clear and con- 
vincing exposition of the points raised by the author; 
but such perusal may leave in the minds of some readers 
an erroneous impression or implication, to wit: that 
teachers of engineering and practicing engineers have 
commonly overlooked these points. Undoubtedly, the 
textbooks have been to some extent defective and mis- 
leading, but it is the business of experienced teachers 
to correct such defects. 

The author demonstrates clearly the necessity ‘for con- 
forming to the two-three triangle for a gravity dam. He 
then demonstrates that, under the assumption of full uni- 
form uplift, the base of the dam should be about 1.58 
times the height. Now 2/3 X 3/2 is unity, and if the 
reader will measure the cross-sections of some of the prin- 
cipal gravity types which the author has presented, he 
will find that nearly all of these designs conform approx- 
imately to these two fundamental principles; that is, 
base = height, nearly enough for “partial uplift.” 

But the writer would urge, as he has been accustomed 
to treat the case, that constructive details must not be di- 
vorced from theoretical considerations. It must be an 
essential requirement that the dam must be made water- 
tight on the upstream face, a condition practically at- 
tained nowadays with concrete; and that we do not de- 
sign dams with the idea that water will get into them or 
under them so as to cause uplift, both “full” and “uni- 
form.” 

As to overtopped. dams: the older readers of your 
journal will recall an interesting discussion of this sub- 
ject in Enainrertna News, Vol. 51 (1900) by Traut- 
wine, Rafter and others in a series of some seven or eight 
letters; also Mr. Rafter’s discussion of a paper by Prof. 
Williams in Trans. Am. Soc. C. E., Vol. XLIV, pp. 
261, 316 and especially 334. This discussion had refer- 
ence directly to the question of partial vacuum formed 
by the rush of the overflowing stream over the inclined 
face in such wise that the hydrostatic effect might be 
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seriously increased. This consideration your correspond- 
ent passes over in his exceilent discussion wherein he 
shows that a safe section for a 30-ft. head becomes a 
menace or a failure if topped by a 10-ft. flood. Various 
different observers have testified to direct observation of 
partial vacuum behind a sheet of falling water sustatned 
at an elevation of 1 to 2 ft. higher than that of the down- 
stream level. On this point Mr. Rafter had this to say: 


One of the most important facts brought out in the past 
year’s investigations in the Cornell Hydraulic Laboratory 
has been the formation of a vacuum more or less perfect be- 
hind the falling sheet when air is not freely admitted. With 
a weir 6 ft. high, the United States Deep Waterways Section, 
a head of 1.5 ft. has been observed to raise water behind the 
sheet to a height of 2 ft. above the level of the lower pool. 
The bottom boards of the plank aprons have been torn off 
frequently, apparently by the suction of the falling sheet at 
the toe of the dam. . . The pulling off of the granite 
facing on the downstream side of the Austin Dam, while that 
at the crest remained practically intact, and other instances 
of similar phenomena that have been reported, seem to indi- 
cate that there may have been a very decided suction there 
on the occasion of its failure. This teaches that in the de- 
sign of spillways, the practice of conforming them to the 
curve of the sheet, in order to obtain a smooth and compact 
overfall, should be reversed, and every precaution taken to 
prevent the sheet reaching the foot of the dam in a compact 


mass. 

Some time ago the writer prepared the following notes 
for his classes in hydraulics, to impress upon their minds 
the fundamental importance of monolithic construction 
of masonry dams and sea-walls. 


Long experience and observation have proved that large 
masses of masonry submerged or partly submerged by great 
masses of water are liable to be disrupted by the transmission 
of hydrostatic pressure throughout the mass whenever the 
water can enter through crevices, imperfect joints, etc., and 
gain access to void spaces within. Thus the pressure from 
a wave against the face of a sea-wall may be felt within and 
also throughout the extent of a porous foundation. Much 
more is this true of the pressure of the water against the 
upstream face of a dam and its foundation when imperfectly 
constructed. 

Furthermore, the question of a partial vacuum caused by 
the flow over a dam or by the receding of a great wave from 
the face of a breakwater, has been discussed. It is believed 
by many engineers that in the case of dams the back pres- 
sure is increased quite appreciably by the suction produced 
in front. In fact, such vacuum has been seen, so to speak, 
behind an unbroken sheet of overflowing water by the main- 
tenance of a column of water about 2 ft. in height above the 
level down-stream. 

In the case of sea-walls the much greater magnitude of 
this back-pressure is proved by the fact that large stones 
well bonded with others have been gradually forced outward 
as though pushed by pressure within. (See Thomas Steven- 
son’s “Harbors,” pp. 116-124.) Also the material of the 
foundations of such walls is very commonly sucked out, as 
the term is, and many such structures have been destroyed 
by this undermining action. On the Buffalo breakwater, sub- 
jected to the storms of Lake Erie, the body of the work be- 
ing solidly capped with concrete, manholes, more than 3 ft. 
in diameter, were left at intervals, reaching into the porous 
material within, and these were plugged with heavy blocks 
of concrete. Due to the pressure of storm waves, transmitted 
through the porous foundation, and the porous interior, these 
heavy plugs have been actually lifted from their seats; at 
first, probably, by the direct effort of the air compressed be- 
neath them. Partial disintegration and settlement resulted 
at some points. 

Having these facts in view, and remembering that stone, 
like granite, submerged in water, has an effective weight of 
only 100 lb. per cu.ft... we may next inquire how much back 
pressure, due to partial vacuum, would be sufficient to bal- 
ance even this weight. Now 1 Ib. per sq.in. of unbalanced 
atmospheric pressure which would be caused by a drop of 
only 2 in. of the barometric column, would mean 144 Ib. on 1 
sq.ft., so that a partial vacuum measured by a drop of con- 
siderably less than 2 in. of the barometer, if concentrated 
upon one face of a cubic foot of stone, would entirely count- 
eract the weight and permit the waters to move it with per- 
fect freedom while these conditions existed. 






























These conditions suggest that in all such const; 
the barrier or resisting mass, must by all means } 
solid, if it is to act perfectly, that is, it must be fr, 
voids or imperfect joints. By the processes of natur: 
barriers or dams are made in terminal moraines, by 
tion of ice and water in first depositing rocks and 
gravel in a confused mass, and then gradually con 
filling all the interstices with fine silt and mud by ¢ 
bined action of flowing water and pressure. Thus w, 
dams by the process of hydraulic fill. 

From all that precedes, it would seem to be a fai: 
sion that our chief anxiety should be to thorough) 
the voids, and that the method of putting a solid cap 
porous substructure is wrong in principle. 

Mr. Kinnipple, the English engineer, had striking 
in saving old and much injured breakwaters by the 
he termed “stock-ramming”; that is, by drilling holes 
tervals down through the mass to the base, and for 
under pressure clay and cement grout, so as to fiill 
voids. Certainly at Buffalo and in other cases wher: 
even very solid and heavy, has covered loose materials 
base, the works have given evidence of severe internal 
and have not withstood partial disrupture. 


Ropert FLETCHER 
Director, Thayer School of Civil Engineeri: 
Hanover, N. H., Sept. 13, 1913. 





Sir—In your issue of Sept. 4, 1913, G. H. Moore de- 
duces rules for the base width of gravity dams w 
different conditions of uplift. These rules tell a rather 
interesting story, thus: 

If a base width of 1 is required when disregarding uplift, 
a base width of 1.291 is required with (1) uplift due to 
full head at the heel, varying uniformly to zero at the 
and a base width of 1.583 would be required with (2) up- 
lift, due to full head acting undiminished from heel to 
toe. 

Wherever vertical drain tiles are introduced back of 
the upstream face, condition (1) appears to be the proper 
one to assume according to the few tests published on 
the subject (see Section G-H, Fig. 4, Ena. News, July 
31, 1913, p. 203). Where no vertical drains are provided, 
it would seem proper to assume the uplift pressure on 
the foundation distributed according to a condition lying 
midway between (1) and (2). Instead of adding to the 
base width, the writer would place the additional ma- 
terial in the form of buttresses on the downstream face, 
spaced at certain intervals, depending upon the height of 
the dam. In cases of doubt as to the quality of the foun- 
dation rock, the excavation for the buttresses should be 
made deeper than the main dam. Such a dam would act 
both as a cantilever and as a beam, it could not overturn 
or slide before the buttresses had crushed or sheared off. 

The writer has in his file the records of 98 dam fail- 
ures, collected largely from information published in 
engineering journals, and a study of these records shows 
that nearly all gravity-dam failures have been due to 
sliding or overturning. Buttresses would most effectu- 
ally lessen both tendencies. 

However, before the writer would use a gravity dam, 
he would thoroughly investigate the possibility of using 
some other type. Any other type would almost always 
be stronger, as on the very face of it it is evident that 
a gravity dam cannot be built economically because it is 
not possible to place the material so that all of it can 
be loaded when the reservoir is full of water. Half of 
the material is inactive under this condition. Mr. Moore 
suggests that the solution is to be found in the use of the 
arch type of dam, and the writer thoroughly agrees with 
him. Wherever the dam site is fit for the use of an arch, 
nothing else is safer and more economical to use. With- 
out a doubt, practice has demonstrated this fact, as no 
arch dam has ever failed. (The Puentes dam in Spain, 
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was polygonal in plan and 164 ft. high and had a 

y section larger than a gravity section failed by 
‘ining. It was built on piles in a gravel bed.) 

s ihe main objection of the engineering profession 
use of the arch dam has been that this structure 

not deflect sufficiently at the foundation to carry 

id acting as an arch, and that the load here, there- 

ould have to be carried mainly by shear and canti- 
action. ‘The common theory of arch dams is also 

t as it does not consider the influence of Poisson’s 

The lateral expansion of the lower layers of the 

due to the weight of material above, forces the arch 

e up more load near the foundation than is com- 
(See Enc. News, Aug. 1, 1912, p. 


! y supposed. 
20s, ) 

In anv more or less V-shaped cafion an arch can be 
built im such a manner that it will require very little de- 
flection at the foundation to carry the total load. This 
can be accomplished by designing the arch so that it sub- 
tends a constant or nearly constant angle of about 120° 
at all elevations. Theoretically, the most economical 
angle to use is 133°, but practically, it is about 120° at 
the crest, and somewhat less toward the bottom, depend- 
ing upon the shape of the cafon. This condition com- 
pels the diminishing of the length of the radius of the 
upstream face from the crest toward the foundation 
where it often is several times shorter than at the crest. 
As the maximum deflection of the arch when loaded is 
proportional to the square of the length of the upstream 
radius, it is easily seen that the deflection at the foun- 
dation of an arch dam which subtends a constant angle 
may be so small that it is within the elasticity of the 
material. (See Ena, News, Aug. 1, 1912, p. 209, for 
full explanation. Several dams of this type are at pres- 
ent being constructed.) 

It is not possible to eliminate the deflection of the 
arch entirely, but, even if it were, it would not be eco- 
nomical to do so. The dam has a certain section and for 
the sake of economy the cantilever should also be loaded 
some, thereby not only relieving the arch in the middle, 
at least, but steadying it as well. The two sets of com- 
pressive forces act 90° apart on the same body, thereby 
tending to support each other laterally and increasing 
the factor of safety. 

In a fairly narrow V-shaped cafion, such as these gen- 
erally are west of the Rocky Mountains, it is not possible 
to build a high gravity dam at all. The section, of 
course, can be dimensioned as a gravity cantilever, but it 
will not act like one, at least not in the lower portion. 
Here the load is carried mainly on the horizontal beam. 
This should be very clear when it is considered that a 
beam uniformly loaded and held at both ends will sup- 
port four times as much as a cantilever carrying the same 
load (maximum at the bottom and nothing at the top). 
Whenever the beam is four times longer than the canti- 
lever, it will support half the load. For a dam 250 ft. 
high the bottom width of the cafion would have to be 
well toward half a mile before the beam action would 
be negligible in comparison with the gravity action. Gen- 
erally, the beam action is very dominant toward the bot- 
tom, introducing tension along the upstream faces be- 
tween the abutments and the points of contra flexure 
and along the downstream face between the two points 
of contra flexure. There is only one way of eliminating 
this tension and that is by arching the dam. This beam 
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foundation relieves 


long 


greatly the foun- 
has not failed in 
joints, if any, are 


pressure, as is the beam 


placed at or near the points of contra flexure only. These 
points are located a distance of 0.2113 X& span from either 
abutment. 


The beam section also tends to strengthen 
the structure by taking a large part of the load from 
the cantilever, but to avoid tension the beam must be 
Such a design cainot 
The factor of safety has been 
improved, but much of the material is still inactive or 


be called an arch dam. 
The design is neither scientific nor 


An arch which subtends a constant angle from crest 
to foundation, of 120°, or a little less, has the material 
placed where it does the most good, and will, therefore, 
give the cheapest structure for any desired factor of 
safety. This condition is especially marked in high dams 
built in narrow canons. In true arch dams, uplift pres- 
sure does not need to be considered at all, as it can never 
be large enough to float the dam. Overflow can safely be 
allowed, and ice pressure is very easy to take care of by 
providing extra thickness at the ice level only. There 
is no long-moment arm to consider. Such an arch can 
be economically designed with a factor of safety between 
5 and 10. Exceedingly few enterprises could stand the 
expense of a.straight gravity dam with such a factor of 
safety, and, therefore, the factor of safety of this kind 
of structure is cut down to conform to what the enter- 
prise can stand. 


as 2 


Even with such a low factor of safety 
or 3 a gravity dam will at times appear over twice 
as heavy as a true arch-dam section, and this is the main 
reason why engineers for so long have been able to con- 
vince financiers and others that public confidence in an 
enterprise demanded a gravity dam in preference to any 
other type. As the general public is supposed to know 
less about dams than civil engineers, they can easily be 
led to helieve that a heavy gravity wall is safer than a 
more siender arch, and if the enterprise will stand the 
extra cost, the gravity section is built. This extra money 
could have bought higher-grade machinery for the power 
plant, or might have been saved. It is one of the engi- 
neer’s duties to conserve his clients’ resources as much as 
possible. 
LARS JORGENSEN. 
Chronicle Bldg., San Francisco, Calif., 
Sept. 12, 1913. 

Sir—In an article on “Neglected First Principles in 
Masonry Dam Design,” published in your issue of Sept. 
4, 1913, George H. Moore makes some statements that 
are incorrect and some that are debatable. 

(1) Trianguiar Profile. All gravity profiles for ma- 
sonry dams are not merely variations of a simple tri- 
angle, whose base equals two-thirds of its height. In 
many famous dams, built according to the profiles pro- 
posed by De Sazilly, Delocre, Rankine, ete., the control- 
ling principle of the design is to keep the maximum pres- 
sures in the masonry at fixed limits of safety, whereas, in 
the triangular profile, these pressures are allowed to in- 
crease gradually from nothing at the top to a maximum 
at the base. The width of the base of the triangular type 
is about two-thirds of its height if we have only to con- 
sider the pressure of the water on the upstream face, but 
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if we have to consider ice pressure and uplift, this width 
must be considerably increased. 

(2) Referring to p. 40 of the Sixth Edition of Weg- 
mann’s “Dams,” Mr. Moore states that “it seems rather 
farcical to assume limiting ‘maximum pressures’ such as 
14.35 or 15.16 tons per sq.ft.” If he will read that page 
again, he will see that these pressures were not given as 
“limits,” but as the maximum pressures reached—respec- 
tively, at the front and back face—at the base of a dam, 
200 ft. high, built according to the triangular type, in 
which the pressures in the masonry increase gradually 
from the top to the bottom. 

(3) Ice Thrust. Mr. Moore makes some criticisms 
about the fact that the eminent experts, who reported 
about the Quaker Bridge Dam, assumed 43,000 lb. per 
lin.ft. as the ice pressure. He thinks that they should 
have taken 45,000 or 50,000 Ib. per ft. For the Wachu- 
sett and Olive Bridge dams, 47,000 lb. per lin.ft. was 
assumed for ice pressure and for the Cross River Dam 
this pressure was taken as 24,000 lb. per lin.ft. There 
is no logical reason why we must take a multiple of 5000 
in making allowance for a force, whose exact value we 
do not know. 

(+) Uplift. Mr. Moore does not approve of the as- 
sumption (made in designing the Wachusett, Olive 
Bridge, Cross River, Croton Falls, ete., Dams) of an up- 
ward pressure under the base, varying from two-thirds 
of the full head at the upstream side to zero at the down- 
stream side. He appears to think that the full head 
should be assumed to act with undiminished force from 
heel to toe. There is generally a considerable quantity 
of refilling above the base of a dam. Water leaking out 
of the reservoir has first to percolate through this refill- 
ing, and then through seams in the rock that are gen- 
erally filled with earth, gravel, etc. If there are any open 
seams under the base of a dam through which water flows 
with undiminished head, they will affect, in most cases, 
only a small percentage of the whole base of a dam. It 
seems, therefore, justif..vle in ordinary cases to assume 
the possible uplift at the heel to be less than the full head 
in the reservoir, and to diminish uniformly to zero at the 
Loe. 

If we take the full head of the reservoir to act under 
the base and an ice pressure of 43,000 Ib. per lin.ft., we 
arrive at the profile proposed by J. D. Van Buren 
(Trans. Am. Soc. C. E., 1895), which, for a height of 
250 ft., has a base of 352 ft. With those assumptions, 
the base of the New Croton Dam would have been over 
100 ft., instead of 206 ft., as actually built. 

(5) Mr. Moore objects te the statement made by L. 
\. B. Wade, M. Inst. C. E., and concurred in by the 
writer, that curved dams are only to be recommended 
for comparatively narrow valleys. If a curved dam were 
built across a wide valley, the pressures resulting from 
arch action would be greatly in excess of those caused by 
the dam’s resisting the water by its weight only, and the 
volume of masonry would be considerably increased by 
the additional length of the plan. 

(6) Mr. Moore thinks that textbooks on dams do not 
warn the novice sufficiently about the additional stresses 
caused by a flood passing over the crest of a dam. In 
Wegmann’s “Dams,” to which he refers several times, he 
will find a whole chapter devoted to that subject, in which 
it is stated that many failures have occurred because the 
differences between overflow wiers and dams designed to 
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have their crests always above the water line 
taken into account. 

(7) Dam Failures. Most of the masonry d; 
have failed have been comparatively low overfl. 
built across rivers which are subject to great flow 
writer recalls only the following five cases of : 
dams, 50 or more ft. in height, that have failed: 


Year Name Location Height ft. 
1802 Puentes Spain 164 
1881 Habra Algiers 110 
1895 Bouzey France 72 
1900 Austin Texas 68 
1911 Austin Penn. 50 


Cause of failure 
Pile foundation 
High flood—poor m; 
Previous sandstone { 
High flood—poor fou 
In litigation 


In four of these cases the failure was due to po 
dation and in one case it was caused by bad work. 
EK. WreaMan> 
Consulting Engineer, Department Water Sup)! 
& Electricity. 
13 Park Row, New York City, Sept. 17, 1913. 
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In the article on the Medina Valley Irrigation Proje 
published in our issue of Sept. 11, 1913, a typographical 
occurred in the paragraph headed “Flumes,” p. 511. T h 
ft. semicircular Hess flumes were made from galvanized ton- 
can metal, not “toneau” metal. The material was the prod- 
uct of the Stark Rolling Mill, of Canton, Ohio. 
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ERRATA—The illustration in connection with the article 
on methods of finding the intersection of wing walls with 
the main abutments of bridges in our issue of Aug. 21, 1913, 
p. 366, had two errors, which have been called to our atten- 
tion by Frederick C. Stauffer, of Hagerstown, Md. In Fig. 1 
the distance marked “h” should have extended to the top of 
the batter only, as is apparent from the formula, and in the 
same illustration the angle marked (@— 6) should be, of 
course ( @6—®@). 


In a letter published in our issue of May 8, it was stated 
that the artillery which did effective work in some of the 
battles which took place in the City of Mexico last spring, 
was under direction of a Mexican military officer who re- 
ceived his military education in France. A prominent Mexi- 
can engineer writes us from Mexico City stating that all of- 
ficers in the Mexican Army are trained in the Mexican Mili- 
tary College at Chapultepec, and that if any officer of the 
army has studied in France it must have been as a post-grad- 
uate student. 


P. H. M., of Guild, Tenn., writes: “To those who travel 
over railways on foot, the pace fixed by the spacing of cross- 
ties is nerve wrecking in the extreme. Let the railways space 
their ties 30 in. ec. to c. and bring joy to pedestrians.” 

We give space to the suggestion because it is a remark- 
able ,instance of suggesting exactly the wrong thing. What 
the railways ought to do and would be glad to do is to make 
walking on their tracks as disagreeable and difficult as pos- 
sible. As has been many times pointed out in these columns, 
more people are killed while walking on railway tracks than 
are killed in all the train accidents four times over. Instead 
of spacing ties farther apart, the increase in rolling-stock 
weights and train speeds and the trouble with broken rails 
all indicate that ties should be spaced as close together as 
they can be tamped. 


3 

Grade Crossings of Highways on the lines of the Pennsyl- 
vania R.R. system still number 13,027. In the eleven years 
since 1902, there have been eliminated on the different lines 
of the system, 1052 grade crossings, at a total cost of $66,641,- 
294, or an average of over $63,000 per crossing removed. A 
large portion of the crossings removed has been in towns 
and cities where the cost, including land damages, etc., is 
much greater than in the country. It is estimated, however. 
that the average cost of eliminating the remaining grade 
crossings on the system would be at least $50,000, or a total 
investment of over $600,000,000 to eliminate all the grade 
crossings on the system, As the expenditures during the past 
decade on grade-crossing removal have been at the rate of 
about $6,000,000 a year, it would require a century with this 
present rate continued to eliminate the remaining crossin«cs. 
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Concrete Road Construction* 
By A. N. Jounsont 


wing to the nature of a concrete pavement there are in- 
a in its construction certain principles quite different 
those entering into the design of most other pavements. 
fact that a concrete pavement consists of large slabs of 

} material, having a coefficient of expansion due to tem- 

.ture changes very nearly that of steel, demands provi- 

s for such changes. 

\s a concrete pavement possesses far less resiliency than 

<t other street pavements, the stresses from traffic loads 

creatly increased. This is particularly true of the blows 
livered to the surface of the pavement by heavy horse- 
awn traffic. Moreover, as all the surface is liable to re- 
ive such stresses, it is necessary that every portion of it 
shall be equally well constructed. It is, therefore, of first 
mportanee in the construction of a concrete road to have 
the greatest possible uniformity in the composition of the 
onerete. It is not only necessary that each batch of con- 
crete shall have the requisite amount of cement and prop- 
erly proportioned aggregate, but that every portion of each 
batch shall be so deposited in the road as to be as nearly uni- 
form as possible. 

Again, owing to the brittle character of the concrete, it 
is evident that depressions in the foundation causing a set- 
tlement of the pavement will be manifested by cracks, while 
such depressions occurring in a pavement of more resilient 
character, as for instance in most all forms of macadam con- 
struction, may not cause any serious break in the surface. 
Therefore the utmost care should be taken to provide proper 
drainage for the foundation soil, perhaps even more care than 
in many other forms of construction. 


EXPANSION OR CONTRACTION JOINTS 


A concrete pavement is to be regarded as constantly mov- 
ing. As the temperature increases, the pavement lengthens 
and with a fall in temperature it shortens. It is evident that 
provision for these variations must be made in the design of 
the pavement. Likewise it has also been shown by recent 
investigation that the absorption of moisture induces an in- 
crease in the bulk of the concrete, while the loss of moisture 
produces a shrinkage from which it will be readily appre- 
ciated that climatic changes introduce very complex condi- 
tions. 

To prevent formation of cracks in a concrete road, in a 
haphazard way, joints must be arbitrarily placed in the pave- 
ment at the time of construction. As every joint in the pave- 
ment is a source of weakness, which the traffic will detect 
and which will afford an opportunity for moisture to pene- 
trate the foundation, it is highly desirable to make as few 
joints as possible. 

If the coefficient of friction of the concrete with the soil 
is assumed as unity, a slab of concrete 25 ft. long may be 
pulled over the foundation without exceeding 20 or 25 Ib. 
tensile stress. Therefore if expansion joints were placed 
every 50 ft., the center of the slab, as the slab contracts, 
would develop a stress in the concrete within allowable 
limits. 

If a crack, due to shrinkage that occurred in the pave- 
ment, remained compressive, that is if it did not subsequently 
become filled with grit that would prevent the crack from 
closing as the pavement tended to swell, either from a higher 
temperature or absorption of moisture, there would be no 
great necessity for providing beforehand for expansion joints. 
This is based on the fact that concrete as it sets is ob- 
served to shrink an amount about equal to its expansion due 
to a change in temperature of 70° Fahrenheit, and the small 
shrinkage cracks which occur offer sufficient room for sub- 
sequent expansion of the pavement due to any expected rise 
of temperature. 

But the joints will not remain free of grit, with the re- 
sult that compressive stresses of over 1000 Ib. per sq.in. may 
be developed which are sufficient to buckle the compara- 
tively thin slab of a concrete road. It is therefore important 
that expansion joints be provided and moreover that they 
be constantly maintained so as to be always compressible, 
which requires that they shall be filled with a plastic ma- 
terial, either a suitable coal tar or asphaltic pitch. 

Various devices for the construction of expansion joints 
have been tried. In some cases ordinary wood paving blocks 
have been laid, on the theory that the shrinkage of the wood 
blocks in dry hot weather would provide sufficient room for 
the expansion of the concrete and that in cold weather, usu- 





*Paper pronented before the Permanent International As- 
sociation of Road Congresses, London, 1913. 
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ally wet weather, as the concrete contracts the wood blocks 
will swell and the joint remain filled. Steel plates, cut to the 
shape of the crown of the road, have been manufactured, with 
which each edge of the joint is lined, the space between the 
plates being filled with pitch. 

It should be observed that there is very likely to be some 
unevenness at the joints, due either to faulty construction or 
subsequent wear, so that it is desirable, if traffic is to be in- 
convenienced the least possible, to place the joints at other 
than 90 with the center line of the pavement. An angle 
of 60° with the center line of the road has been successfully 
used and found to add much to the comfort of traffic 


MATERIALS 

called to the fact that every portion 
of a concrete road should be of a high-grade concrete and 
also uniform. Many failures of concrete roads, due to ravel- 
ing under traffic, may be explained by a lean mixture or a 
lack of uniformity. If a successful concrete pavement is to 
be laid, a concrete rich in cement must be used. It is evi- 
dent that the strength of the pavement to resist the action 
of traffic depends upon the strength of the matrix or mortar 
in the concrete, assuming a proper aggregate has been em- 
ployed. Also if each particle of the aggregate is to be held 
in place, it is necessary that there shall be a sufficient amount 
of matrix entirely to surround each piece. To accomplish 
this purpose, it is first necessary that the mortar be rich in 
cement and second that the concrete be rich in mortar. Prob- 
ably quite as many failures have been due to a lack of mortar 
in the concrete as to a lack of cement in the mortar. If 
every particle of aggregate is to be surrounded by mortar, 
there must be mortar in excess of the voids in the coarser 
aggregate. Therefore, if failures have occurred with mix- 
tures providing but 50% of mortar, as would be the case for 
example in 1:2:4 mixture, no great advantage 
would be gained by merely increasing the amount of cement 
and leaving a deficiency of mortar, for example, substituting 
for the above mixtures a 1:1%:3. A mixture that increases 
this proportion of mortar should generally be used; a 
1:2:3%, mixture may be recommended. 

Each batch of concrete must be thoroughly mixed and, as 
it is deposited in the road, great care should be exercised that 
the mortar does not flow to the edge of the pile and leave a 
core of aggregate with. insufficient mortar. This is quite 
likely to happen and must be remedied by workmen who 
should be provided with rakes or shovels to distribute any 
such nests of aggregate. A little care and watchfulness will 
entirely obviate any difficulty from this source. 

The nature of the aggregate will determine the wearing 
qualities of a concrete road. It is therefore important that 


Attention has been 


a 1:2%:5 or 


only hard, sound materials be used for this purpose. In 
general, limestones and similar soft rocks are not to be 
recommended, while quartzitic or flint gravels afford widely 


dispersed sources of excellent materials. 


DRAINAGE 


It has been observed on some concrete roads that longi- 
tudinal cracks had occurred which are thought to have been 
due to the seepage of water under the outer edges of the 
concrete slab, thereby softening the foundation and causing 
a movement of the concrete slab by frost action. To prevent 
this it is recommended that a shallow trench about the 
width of a shovel be constructed under each edge of the 
pavement, this trench forming a blind drain to be filled even 
with the subgrade with some coarse material and that lateral 
blind drains be placed from 40 to 50 ft. apart across the 
shoulders of the road, these cross drains extending from the 
longitudinal drains to the gutters or side ditches thereby pre- 
venting any seepage of surface water under the edge of the 
pavement in the foundation. 


TWO-COURSE CONSTRUCTION 


Many concrete pavements have 
courses, using a leaner mixture for the lower course and a 
richer. mixture for the wearing surface. Evidently, this is 
an economical arrangement and would be recommended were 
it not for the unsatisfactory results obtained due to the fact 
that at the junction of the two classes of conercte there is 
developed a horizontal plane of weakness which would be 
caused by even a comparatively short delay in applying the 
top course. Under exposure to the hot sun, whereby the 
surface of the pavement becomes of a higher temperature 
than the lower portion, there in a tendency for the pave- 
ment to become slightly convex on the upper or wearing 
surface. If there is a horizontal plane of weakness near the 
convex surface, the upper layer of the pavement may be- 
come separated from the lower layer. And this has actually 
occurred. Soon after this takes place, the surface cracks 
under traffic and rapidly deteriorates. Therefore unless some 
method can be found by which the top layer of rich mixture 


been constructed in two 
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can be deposited simultaneously with the leaner mixture of 
the lower course, it is recommended that the whole pave- 
ment be made of uniform quality throughout equal to that 
desired for the wearing surface. 


CURING THE CONCRETE 


\ most important part of the construction of concrete 
roads, and one that has been very often neglected, is a proper 
protection for the concrete while setting so that there will 
be no lack of moisture at this time. As soon as the con- 
crete is a few hours old it should be covered with canvas 
which is kept moist. This canvas is to be replaced by a 
layer of earth which should be kept well wet for a pe- 
riod of ten days to two weeks 


CROWN 


A concrete road requires perhaps less crown than any 
other form of paving surface, scarcely more than the eye 
would demand for appearance sake. One eighth to one 
quarter inch per foot will be found sufficient. 

For convenience in construction, the roadbed may be made 
practically level and it is evident should be constructed 
with considerable care so that it does not become neces- 
sary to fill depressions in the roadbed with expensive con- 
crete. The crown may be given by making the roadway 
slightly thicker at the middle than at the sides. 

THICKNESS 

A thickness of 6 to 8 in. for the concrete seems suffi- 
cient for all ordinary conditions. On roads 20 to 24 ft. in 
width, an average of 7 in. may be used with 8 in. at the 
center and 6 in. at the sides. 

A form of construction that may prove desirable, where 
the greatest economy must be exercised, would be to provide 
a comparatively narrow strip of concrete at the center with 
a good macadam construction for the shoulders. This would 
answer for those roads where the traffic at a given time of 
day is nearly all in one direction. Under these conditions a 
strip of concrete 10 to 12 ft. wide at the center would take 
practically all the wear while the narrow strip of macadam 
at either side, 3 or 4 ft. in width, would suffice for the. oc- 
casional passing of vehicles a: 

This character of construction is particularly applicable to 
a vast mileage of highways in America where such an .enor- 
mous percentage is merely earth roads and where at present 
the maximum length of roads at the lowest cost possible is 
of the utmost importance 


FINISH 


A concrete road should be left slightly rough as would be 
effected by a wood float. The templet which is useé to give 
the shape to the surface of the road can be so devised and 
handled as practically to give the desired finish to «he sur- 
face with the possible exception of here and there & slight 
imperfection which should be remedied by men with hand 
floats working from a lightly constructed bridge thrown 
across the road. It is highly desirable, however, that as 
little as possible be left to the hand finishers as there is 
inevitably a tendency on their part to work slight depres- 
sions in the surface of the concrete which can scarcely be 
detected until the concrete has set and it is too late to 
afford a remedy. 


CONDUCT OF CONSTRUCTION 


The actual work of construction consists mainly of two 
parts: First, the preparation of the roadbed and hauling of 
materials thereon in such quantities as may be needed ready 
for the mixer. Second, placing the concrete and trimming 
the road sides. 

The mixer used should be of a type especially adapted for 
this work, one which will move under its own power along 
the road as the work progresses and provide convenient 
means for handling the material onto the road. 

Attention is called to the fact that the success of the 
road primarily falls upon the second portion of the work, 
which, however, involves but 9% of the total cost. It Is 
suggested therefore that the public department having in 
charge a considerable mileage of this construction could well 
carry it on under two divisions, allowing the first part of the 
work to be done by contract while the actual placing of the 
concrete should be done by day labor under the immediate 
supervision of the officials of the department, in this way 
securing with the least trouble and expense assurance of 
proper construction in every particular. The organization 
for placing the concrete is compact, easily controlled by one 
man, and moreover this portion of the work moves along 
rapidly and uniformly so that its cost from time to time 
should vary but little and can be estimated with precision. 


COSTS 

The difficulty of presenting cost data that would b 
very general application is fully appreciated. The fo) 
table is offered together with such general informatio; 
conditions as may prove of some interest if not of 
value. 

ESTIMATE OF COST OF 1 8SQ.YD. Sd CONCRETE ROA 

7 INCHES THICK 
No profits cr overhead charges included 


Labor ‘ 25c. per hr. 
Team and driver 45c. per hr. 


Length of haul 
4mi. imi. 2 mi 
Superintendent, watchman and miscellaneous 
0.055 0.055 5! 
Shaping roadbed and trimming saoulders 0.083 0.083 0.083 
Loading and hauling materials. . 0.116 0.153 21 
Mixing and placing. 0.109 0.109 0g 
Cost of sand and gravel, at $1. ayer ee. yd., f.o.b 
destination. 0.379 0.379 0.379 | 
Cost of cement at $1.20 bbl beak 0.364 0.364 0.364 | 
Expansion joints spaced 50 ft 9.025 0.025 0.025 « 
Coal, oil and miscellaneous —— for mixer 0.007 0.007 0.007 « 
Forms and other lumber........ 0.005 0.005 


Total 1.143 y 180 1.245 
For a thickness of 6 in. a similar analysis gives 


costs per sq.yd. for the various hauls as follows: |! 
$1.003; 1 mi., $1,035; 2 mi., $1.091; 3 mi., $1.158. 


CONCLUSIONS 


In adopting concrete for a road surface, it should be bi 
in mind that if a hard rigid form of pavement is und: 
able for the traffic to be accommodated, it will not prov. 
satisfactory. For example, with a large amount of light 
horse-drawn traffic some more resilient form of pavement 
would be found better adapted; but where a large amount otf 
motor and heavy horse-drawn traffic is to be provided for, 
concrete pavements are proving satisfactory. There are «x- 
perimental data at hand which seem to indicate a concret: 
pavement to be one of the must durable forms of constructio; 
that have been employed, and, under many conditions, th. 
most economical. 

The wide distribution of materials suitable for concrete 
makes this form of construction of the widest application and 
in fact in many areas where there is nothing but gravel de- 
posits, poor for ordinary road purposes, a concrete road be 
comes the most economical and durable pavement possibl 
Moreover it does not require exceptional skill on the part of 
the workmen, but may be successfully laid, under careful su- 
pervision, with any reasonably good labor. 


% 
The Proposed Shoal Lake or Greater 
Winnipeg Aqueduct 


Brief mention was made in our issue of Sept. 18 (p 
574) of the proposed new water-supply for the Greater 
Winnipeg Water District. The attention of prospective 
bidders was particularly called, at the suggestion of T. 
R. Deacon, mayor of Winnipeg, to the desirability of ex- 
amining the route of the aqueduct before the vigorous 
winter of Manitoba sets in. Since the note was written, 
we have received a copy of the report on this project made 
by Rudolph Hering, Frederic P. Stearns and James H. 
Fuertes, and are thus enabled to give some details of thie 
proposed supply. Before doing so, attention may be 
called to the vigorous way in which the project is being 
furthered by the officials of Winnipeg and neighboring 
municipalities. 

The board of consulting engineers, already mentioned. 
convened in Winnipeg on May 10, 1910, made investi- 
gations on the ground, studied existing and subsequent 
surveys made by the city, and signed its report in New 
York on Aug. 20. The report was read in Winnipeg 

1 Aug. 29, adopted by the officials of the Water District 
on Sept. 6, and on Sept. 8 the city council of Winnipeg 
appropriated its share of the estimated cost, subject to 
ratification by popular vote on Oct. 1. It is confidently 
expected that the vote will be- favorable, in which case 
detailed plans and specifications will be drawn as soon as 
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je and bids invited, it is hoped, this winter, so con- 
tion can be started in the spring of 1914. The en- 
rs estimate that four or possibly five seasons will be 
red to complete the work. 
e proposed source of supply is Shoal Lake, which, 
estimated, will yield water enough for a population 
50,000. This lake is connected with the Lake of 
Woods and they together “can furnish a practically 
iaustible supply.” 
brief, the project includes a dike 5070 ft. long to 
t the colored water of Falcon River from the lake; 
hannel 3300 ft. long to connect Snowshoe Bay with 
lian Bay; 85 miles of concrete aqueduct (mostly plain, 
partly reinforced ) with a capacity of 85,000,000 Imp. 
|. (102,000,000 U. S. gal.) from Indian Bay to the 

e of a reservoir not to be built at present; about eight 
miles of 5-ft. steel pipe to the Red River, 900 ft. of 5-ft. 
cast-iron pipe in a 9-ft. tumnel beneath the Red River, 
and a little over two miles of 4-ft. cast-iron pipe from 
McPhillips St. reservoirs in Winnipeg to Victoria Park, 
making a little over 10 miles of pipe, having a capacity 
of 25,000,000 Imp. or 30,000,000 U. S. gal. per day, 
which capacity can be increased first by pumping and 
second by a duplicate pipe ; 85 miles of railway and (pre- 
sumably) the same length of telephone. 

The estimated cost of the dike, channel, 95.35 miles 
of conerete and metal conduit and various appurtenances, 
is $13,045,600, but this does not include water damages, 
land, branch pipes to the several municipalities, nor in- 
terest during construction. Nor does it include the pro- 
posed 250,000,000 Imp. gal. (300,000,000 U. S. gal.) 
reservoir at the end of the concrete aqueduct, about one 
mile east of Transcona, estimated to cost between $300,- 
000 and $400,000; nor the proposed pumping station at 
this point, for which no estimate is included in the re- 
port. 

The population of the Greater Winnipeg Water dis- 
trict in May, 1913, was estimated as 225,000, of which 
about 200,000 was in the city of Winnipeg. The report 
states that the “present population is twice that of seven 
years ago and five times that of fifteen years ago.” The 
water consumption has increased from 32 to 47% Imp. 
gal. (38 to 56 U. S. gal.) per capita from 1902 to 1912 
(evidently based on population actually supplied). The 
consulting engineers believe that 85 Imp. gal. (102 U. 
S. gal.) per inhabitant should be allowed for the future 
needs of the district “as the average for the year,” and 
100 Imp. gal. per inhabitant for some months in the 
year. The aqueduct capacity is based on the latter figure. 
It is assumed that the proposed concrete aqueduct will 
serve the distr:er until 1944, or 25 years after its prob- 
able completion; but that the pipe line will serve only 
two or three years after completion, unless resort is had 
to pumping. It should also be noted that the upper end 
of the aqueduct, for some nine miles through a summit 
cut adjoining Shoal Lake, will, at full lake, carry 120,- 
000,000 Imp. gal. per day, gravity flow, which could be 
maintained at low water, also, by a slight expenditure 
for low-lift pumping. 

Shoal Lake has a drainage area of about 360 sq.mi. and 
(including?) a water surface of 107 sq.mi. It is at the 
same level as the Lake of the Woods, with which it con- 
nects at Ash Rapids. No yield figures for the drainage 
area are available, but deductions from other drainage 
areas indicate a yield of 70,000,000 to 93,000,000 Imp. 
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gal. per day for the minimum year. The storage area 
of the lake is so great that the water in a single foot of 
depth would supply 850,000 people for 8.5 months at the 
rate of consumption assumed in the report. Moreover 
the conection with the Lake of the Woods, the report 
states, reserves “a practically unlimited supply of water, 
and any supplementary supply taken from the Lake of 
the Woods would, after its extremely passage 
through Shoal Lake, become as thoroughly bleached and 
as satisfactory in quality as the water of Shoal Lake it- 
self.” 

Some further details of the proposed works may now 
be given, The dike to divert Faleon River would be 
curved in plan, about a mile long, composed of sandy and 
gravelly material carried about 4 ft. above high water in 
the lake, and riprapped on the water side. The channel 
between the two bays would be 35 ft. wide and 7 ft. 
deep. 

The details of the intake are not definitely settled, 
but a gate and screen chamber on the shore is proposed, 
and apparently the intake will not extend far into the bay 
nor be in deep water. 

The bottom of the aqueduct at its intake end is at 
Elev. 324 ft. and at the lower end of the reinforced pres- 
sure section of the concrete portion, 84.72 miles distant, 
83 ft., but there is a dip to Elev. 72.92 in the reinforced 
section at the lower end. The hydraulic grade line is 
based on the high-water level of the proposed reservoir 
at the lower end of the concrete aqueduct, which is at 
Elev. 68.54 ft. High water in the McPhillip St. reser- 
voirs, in the city, is at Elev. 41.31. The discharge ca- 
pacity of 85,000,000 Imp. gal. per day is based on a level 
of the bay 3.75 ft. below the high-water level and on the 
high-water level of the proposed reservoir, just men- 
tioned. 


slow 


The concrete aqueduct is designed to have a continuous 
down grade, with no portions under pressure except at 
certain valley crossings and where subjected (ultimately) 
to the back pressure of the reservoir at its lower end. 
Except where under pressure (about 7144 miles out of 
some 85), it will be of horseshoe shape. To save summit 
excavation, the slope is only 0.11 ft. in 1000 ft. for the 
first 644 miles. Here and nearly three miles beyond, 
where the slope is 0.24 ft. per 1000 ft., the cross section 
is 9 ft. high and 10 ft. wide. From there on, it varies 
with the slope, the smallest section being 5.1x5.1 ft., with 
a maximum fali of 2.83 ft. per 1000 ft. For 13,000 ft 
beneath the Brokenhead River valley, where the aqueduct 
will be some 10 ft. below the hydraulic grade line, the 
cross-section changes to a 7.2-ft. circular reinforced-con- 
crete section and at the lower end, where it will ulti- 
mately be under some 20 ft. of back pressure from the 
proposed reservoir, a reinforced-concrete section, 8 ft. in 


diameter, is used for 26,000 ft. A few other stretches, 
all short, will be under slight upward pressure, but the 


character of their design is not stated. The consulting 
engineers recommend that to make the aqueduct “water- 
tight, stromg and permanent,” it should be built of 
1: 2:4 mixture, the coarse material to be screened gravel. 
To avoid transverse cracks, construction in sections pot 
more than 20 ft. long is advised, with a 14,x3-in. steel bar 
or other suitable water stop between each section. 
Mention has already been made of a tunnel beneath 
the Red River, on the metal portion of the conduit. 
The shafts will be about 75 ft. deep and the tunnel some 
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900 ft. long and 614 ft. in minimum diameter. The 
space between the pipe and the rock will be filled with 
concrete, with grouting under pressure where necessary. 
The 5-ft. cast-iron pipe used here will have a 1.9-in. shell 
and “‘a special bell about 15 in. long, so designed as to 
permit the joint between the pipes to be calked from the 


inside with lead wool.” 

In view of the apparent desire of the City of Winni- 
peg and the Greater Winnipeg Water District to interest 
contractors. in this work at as early a date as possible, 
and because of the appeal the figures will make to en- 
gineers as well, we quote the cost estimates given in the 
report, first in grand.summary, then in more detail: 


ESTIMATES OF COSTS 
The summary of these estimates is as follows: 


85 miles of construction railway 

Clearing ; 

Ditching 

Telephone line. 

12,000 lin.ft. 4-ft. cast-iron pire from McPhillips Street reservoirs 
to Victoria Park at $23.1 

900 lin.ft. tunnel under Re ‘i River, including the shafts and the 
5-ft. cast iron pipe laid in shafts and tunnel, at $144.44 

43,200 lin.ft. 5-ft. steel pipe, extending from the easterly shaft of the 
Red River tunnel to the junction with the concrete aqueduct 
about one mile east of Transcona, at $20.74 

447,300 lin.ft. concrete aqueduct, extending from ‘the end of the steel 
pipe to Indian Bay, with all appurtenances, at $19.51 

Falcon River diversion 


a" . $11,344,000 
Add for administration, engineering and contingencies, 15% 1,701,600 


Total estimated cost $13,045,600 


In greater detail the estimates are as follows: 


4-Foot Pipe in Winnipeg 


12,000 lin.ft. 4-ft. cast-iron pipe, weighing 730 Ib. per 
lin.ft. laid nearly all the way in the streets of Winnipeg 
from the McPhillips St. reservoirs to Victoria Park 
at $19.60 per lin.ft 

Re eaes | pavements about one-quarter ‘of whole length 
of pipe 


oe of Quantities and Cost of Works for the Diversion of | 
ver 


Embankment 5070 ft. long, requiring the following quantities of ma 


Sand gravel for embankment includ- 


® for shrinkage and loss 170,000 cu.yd. at $0.45, 


12/800 cu. yd. at 1.50, 
5,000 lin.ft. at 2.00, 
Channel, 3,300 ft. long 35 ft. wide and 7 
a from west end of Indian Bay to 
cee ow Bay, 30,000 cu.yd. earth 
excavation at 0.50, 


& 


Finally, we note that the consulting engineer. 
mate the yearly operating cost of the aqueduct as a 
$40,000. This includes the superintending enginee: 
general administration, but, of course, nothing fo: 
terest, sinking fund, or taxes. 


ee 
ve 


Effect of Heavy Motor Traffic on 
Cost of Road Maintenance 


The County Engineer of Middlesex County, Engle 
H. T. Wakelam, in a recent paper read before the In- 
tution of Municipal and County Engineers, gave sw 
figures showing the pronounced increase in the cost 
maintenance of water-bound macadam roads under 
jurisdiction after a regular line of six-ton motor bus-o- 
was put into service over the road. The following table 
gives for ten different roads the average cost of road 
maintenance per yard per annum for the three years 
previous to the initiation of the motor omnibus traili 
and the same figures for the one year since the motors 
have been in use. The maintenance figures include onl) 
the actual repair of the road and not the watering nor 
cleaning thereof. 


TABLE SHOWING INCREASED COST OF ROAD MAINTENANCE 
DUE TO HEAVY MOTOR TRAFFIC 
Costs in cents per sq.yd. per annum 


Allowance for changing existing pipes. . 


Valves and special castings 3 years before 1 year after 


motor traffic motor traffic 
J 99 

Red River Tunnel 33.14 

ieubawawis bs ; ; 93 


900 lin.ft. of tunnel excavation, and 150 lin.ft. of shaft 5 OR 

excavation 5 43 
1,050 lin.ft. 5-ft. heavy cast-iron pipe of special design Eteckache¥e : : 5 1S 
Materials and labor, putting cast-iron pipe in place. recesses eeees CSUR ESS PS Re . 16 90 
Filling solidly the space between the pipe and the walls Pers <Se os ; ; 4 


of the tunnel and shaft with concrete and grout.. $120,900 ete) Se ait oe 21. “45 36 48 
z ree mia pies 16.98 42.96 


(mR ON eaNe errs 


5-Ft. Steel Pipe East of Red River 12.33 25.60 

43,200 lin.ft. 5-ft. steel pipe, with riveted joints, made of 
plates } of an inch in thickness and weighing 291 Ib. 
per ft. laid in place, at $19.50 per ft 

30 Me arched concrete culvert for supporting the pipe line 
across the Seine River. 

Additional costs of railw ay crossings. 

Replacing pavements and changing existing pipes.. 

Valves and special castings near the aregencic of this 
pipe with the concrete aqueduct. . poaere Sas 


In other words, the charge for maintaining a road dur- 
ing 1913 (the last year noted in the above table) 
amounted to 1.53c. per ton per mile, whereas in 1911-1”, 
before the omnibuses were installed, the cost per ton 

$896,400 per mile was 1.22c. This increased road upkeep of about 


447,330 ft. = 84.72 miles of concrete masonry aqueduct from the end of 0.61c. per ton per mile amounts to about 4c. per car per 
the steel pipe east of Transcona to Indian Bay, comprising thefollowing = ije, The author of the paper remarks that these figures 


oe : va a ee ay 
ssteltiiaialeneeiitineenienie es uaa ee 


Total for concrete aqueduct and appurtenances. . . 


cdg 
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items of work: . ; ° > ° 
show that a recent bill introduced into Parliament re- 
Cut 
a 100,000 cu.yd. earth excavation in Summit Cut. 0.75, 825,000 = E ee P 
3-S 235,000 (0.75 per *bus-mile is insufficient to care for the excess 
2,300,000 cu.yd. refilling and embankment . 3 oi 
340,000 cu.yd. conerete oS damage caused by these machines. The author recom- 
13,000 ft. timber platform 00, mends that the road authorities should have power to 
Steel for reinforced aqueduct. . 
dine enh cies chamber and other works at intake... prohibit a continuous use of mechanically propelled dl 
hicles of excessive weight over any given road. 
we have assumed, for the purposes of the estimate, that the An O1l-Burning Crematory for human remains is soon 
trenches where in earth will be excavated with side slopes of to be built by the United States government, at Ancon, in the 
Ten per cent. has been added to the computed net quan- 
tities of concrete, timber platform, earth excavation west of stated that the contract includes the construction of two re- 
ce : te : : lik to result 
— Bae nd pg mie te eee eaten pre- are required to be free from smoke, noise or odor, and com- 
plete incineration must take place in two hours. 


1,880,000 cu.yd. earth excavation west of the Summit ' : 
$0.60, $1,116,000 quiring a tax on all omnibuses operating on roads 
94,000 cu.yd. of rock excavation. 
0.40, 
29,000 cu.yd. reinforced concrete. . “eae 
i iteares 40.00, 
Special work at and near river crossings, including waste control the weight of the vehicles and, if necessary, to 
3 
In making the above estimate of the cost of the aqueduct 
one horizontal to one vertion!. Panama Canal Zone, according to press dispatches. It is 
the Summit Cut, and refilling and embankment, to cover torts, each equipped with burners, placed side by side. They 
sented from time to time in the actual construction of work. 
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¢.lumbus Flood-Protection; Recom- 
mendations of the Consulting 
Hydraulic Engineers 


the great floods of Ohio and Indiana at the end 
ch last, one of the first communities to plan for 
tive work was the city of Columbus.* The firm 
ord & Burdick (hydraulic and sanitary engineers, 


( \ 


( so) was engaged to investigate the Columbus sit- 
u , and recommend means for protection, A sum- 
iii of recommendations by these engineers, submitted 


eek, is the first real and well planned step reported 
from any point in the flood districts toward correcting 
the conditions which ren lered the March flood so pecul- 
iarly disastrous. 

Our accounts of the Columbus flood brought out clearly 
that the constricted winding channel of the Scioto, un- 
able to take care of the water, threw the flood against 
he levees of the west side, where, after overtopping the 
levees, it could cut across the neck of the eastward bend 
of the river. The west side was inundated with great 
loss of life and much property damage. Besides this 
principal damage there was a great deal of trouble caused 
by flooding of lowlands where levees either did not exist 
or were inadequate. These conditions pointed to the 
necessity of two general lines of improvement: (1) en- 


















= Curve N2/(g= oe 120) corresponds 
2 2 

= a to floods which may occur occasionally 
5B 260) = /27000 

5, 29 Curve N22 (g aioe +74) corresponds 


to floods which may occur rarely 


A= Olentangy alone, /9IZ 
B= Scioto “alone, 19/3 
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C = Flood of 1898 at Columbus 
D=Flood of March 1913 at Columbus 
E = [50,000 Sec:ft. proyect, ordinary flow 
F = 200,000 Sec:ft project, ordinary flow 


Observations on French, Belgian & Italian Rivers » 

” * German.Austrian& Swiss ” a 
» American Rivers e 
” English Rivers 
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sec. Of this total, approximately 80,000 cu.ft. came down 
the Scioto, and 60,000 cu.ft. from the Olentangy River at the 
apex of the flood, and the average flows for 24 hr. at the 
flood apex were 68,000 and 51,000 in the Scioto and Olen- 
tangy, respectively, or 119,000 total, 

The last figure they compare with an average 24-hr. 
flood-flow of the two rivers of 33,800 eu.ft. per sec., from 
which it follows that the flood of March, 1913, was three 
and one-half times as great as the average flood. Study 
of flood data generally leads them to conclude that the 
flood of 1913 was a great flood, practically unprecedented 
in the eastern United States, and that the rainfall which 
caused the flood was “one of the greatest ever known in 
this country east of the Pacifie Coast.” These guardedly 
stated conclusions are supplemented by the further as- 
sertion : 

Circumstances may occur to produce a greater flood here- 


after, but it is not probable that such floods will greatly ex- 
ceed the flood just past. 


Basis of Design or Protective Works 


The 1913 flood-flow at Columbus having been 140,000 
cu.ft., the engineers adopt a figure of 150,000 as the least 
which the flood-protection works should be designed for. 
In planning the works, however, they have given the 
channel banks and levees a clearance of 12 ft. above flood 
level (on the Oientangy only 6 ft.), besides ample crest 
width to be safe against leakage or caving; in conse- 
quence, their 150,000-ft. works really have an emergency 
capacity of over 200,000 cu.ft. per sec. 

In addition, bowever, the engineers gave consideration 
to works of 200,000 cu.ft. per second normal capacity, 
with the same safety margir as in the other case. This 
was done apparently to give a better survey of the avail- 
able field of protective work, and the engineers in the 
end reject all the 200,000-fi. projects as unduly expen- 
sive, and for other reasons not desir- 
able or feasible. 
the Columbus 


Immediately after 


G = 150,000 Sec:ft. project, at Siet @ pclawirty flood had subsided, the city engineer- 
H = 200,000 Sec: Ft. projecta point of calamity ing authorities devised and discussed 


among themselves two general projects 
for protective work. One of these cen- 
tered about improvement of the exist- 
ing channel, winding though it be. 
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CoLumMBus FLoop-PROTECTION BASIS AND 


larging the flood-flow capacity of the channels through 
the city, and (2) leveeing the lowland to a proper height 
and width to protect all lands except such as might more 
economically be Jeft exposed to inundation by high floods. 


THE 1913 FLoop 


The engineers begin with a determination of the max- 
imum flow in the 1913 flood at Columbus. They sum- 
marize their findings as follows: 


It is concluded that the maximum flow of the flood of 
1913 at Columbus was, in round numbers, 140,000 cu.ft. per 


*For an account of the Columbus flood and how it was 
handled, see “Enzineering News” of Apr. 10, 1913, pp. 744- 
‘48, “The Recent Flood at Columbus, Ohio,” by Julian Griggs. 
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1913 FLoop 
PLOTTED ON KUICHLING’s FLoop-FLow DrAGRAM 


The other involved as its main feature 
a cutoff channel diagonally southeast- 
ward through the western part of the 
city, leading from the upper Scioto 
back to the combined channel below 
the city, so that the existing channel 
through the principal portion of the 
city would become a mere continua- 
tion of the Olentangy. The various projects which 
the consulting engineers have drawn up and examined, 
include projects quite similar to the two just mentioned, 
though differing in detail and more thoroughly worked 
out. However, the project which they favor differs from 
either one, and involves a river diversion or cutoff in- 
termediate between the extreme westerly cutoff and the 
present river channel, and so located as to take care of 
the Olentangy and upper Scioto combined. 


Tue Prosects Struprep 


The report includes, in all, ten projects which were 
drawn up and studied. The first six are for a normal ca- 
pacity of 200,000 cu.ft. per sec.; only one of these in- 
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44 volves storage or detaining reservoirs in the headwaters As already mentioned, the engineers thems. 
: of the stream, while the other five employ only channel the six 200,000-ft. projects as being expensiy, 


; correction, bypassing, or diversion, in the city, and chan- necessarily ample. We have, however, shown « 
nel improvements just above and just below. Four pro- projects, that for a river diversion along May s 
jects are for 150,000 cu.ft. per sec. Of these, two were it may be compared with one of the 150,000-f; 















May-Sreet Bypass (ProJeEct 8) 





May-irreet Diversion (ProJect 7) 
(Practically the same improvement will pro- 


; WITHOUT RESERVOIRS vide for 200,000-c.f.s. floods if headwater reser- 
voirs are added; project 6.) 





and an idea obtained of the difference in extent of work. 

Of the 150,000-ft. projects, the engineers favor those 
without reservoirs as being slightly cheaper; but inas- 
much as the reservoirs also protect certain districts above 
and below Columbus, a combination project may be mor 
advantageous when considered broadly, and should ba 
adopted in case financial codperation between Columbus 
and other communities can be secured. 

Below is given in tabular form a summary of the est 
mated costs of the ten different projects, showing that th: 


























| costs range from about $10,000,000 to about $23,000,000. 
i i Columbus Flood-Protection Projects 
i Capacity 200,000 cu.ft. per sec. 
Project Short Description Cost 
f 1 Channel Improvement around bend. 
Hi Minor bypasses in upper Scioto and 
Heapwater Reservoirs HrADWATER RESERVOIRS AND Olentangy. Width at bend of river 
i | AND River DIvIsion CHANNEL CorrECTION will be about 1000 ft. .......... $23,382,300 
7 (Prosect 9) witH (Prosect 10) 2 Channel Improvement and May St. 
A RESERVOIRS Bypass. Upper sections treated as 
| CoLtumsus FLoop Protection: Four ProJects FoR in (1). The improved channel is 
| 150,000-c.¥.s. FLoops to take 100,000 c.f.s. and the bypass 
TOU DOG CEB. snk n reverses $22,440,800 
Pt planned with reservoirs, so that out of the ten projects, 8 Channel Improvement and Asylum 
: three are combination and seven are river improvement Bypass. Bypass at west edge of 
A | alone. West Side, 100,000 c.f.s. ....-... $21,063,900 
i Sites for storage reservoirs in the headwaters of the 4 May St. Diversion. Old channel at 
: Scioto and the Olentangy were located, one on the Scioto bend abandoned; improvements 
above Dublin and two on the Olentangy (only one of the above and below similar to those in 
i two to be used) at Flint and farther upstream at Dela- the other projects of equal capacity $15,483.70") 
4 ware. Proper control of these reservoirs, it is estimated, 5 Unimproved Channel and May St. 
i should secure a reduction of maximum flood-flow by 50,- Bypass. The existing channel takes 
ti 000 cu.ft. per sec. The cost of constructing these reser- 50,000 c.f.s., the bypass to take 
voirs would be about $3,500,000, as against $10,000,000 150,000 ...... jee Mav iNew seas $15,275,600 
to $23,000,000 for the river correction and bypass work 6 Reservoirs, .Bypass and _ Evisting 
} in the city. ; Channel. Reservoirs reduce flow 
i 
i 
i 
: 
‘ 


lt 
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50,000 c.f.s., existing channel takes 
50,000, May St. bypass to take 100,- 
Oe Pas ied baile ek caine es $13,616,900 
Capecity 150,000 Cu.Ft. per Sec. 
Vay St. Diversion. Old channel at 
bend abandoned. Levees, ete., above 
and below city, are much less ex- 
tensive than for projects of larger 
capacity. West bottoms of Olen- 
tangy not leveed ...........+4-- $11,263,300 
Unimproved Channel and May St. 
Bypass. The existing channel takes 
50,000 c¢.f.s., the bypass to take 
SE er rrr rere $10,120,600 
0 Reservoirs and May St. Diversion. 
Old channel at bend abandoned. 
Reservoirs reduce flow 50,000 c.f.s., 
diversion to take 100,000 ........ $11,308,000 
10 Reservoirs and Channel Improvement. 
The existing channel around the 
bend to be improved for 100,000 


c.f.s. flow $11,259,700 





CoLtumBus FLoop Prorection: May-Str. Bypass Pro- 
JECT FOR 200,000 c.Fr.s. CAPACITY 
(Project 4; may be compared directly with 
Project 8.) 
The engineers state their conclusion that 
No practicable measure of flood relief can be had at much 


less cost than the lowest figure mentioned, and no greater 


sum could profitably be spent at this time than the higher 
sum mentioned. 


As giving some idea of the justifiability of such ex- 
penditure, the engineers state that, disregarding lives lost 
and suffering caused, they find the damage done by the 
1913 flood at Columbus to have been about $5,600,000, 
exclusive of depreciation of values; that the present value 
of the district flooded in March, 1913, at Columbus, is 
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about $50,000,000; that the annual flood damage at 
Columbus for the past 15 years is about $520,000. Thus 
they conclude that the financial considerations alone are 
sufficient to warrant undertaking the protective work, at 
least the cheaper of the projects studied. 

Of the two 150,000-ft. projects without reservoirs 
(Nos. 7 and 8), the engineers recommend No. 7 as pref- 
erable, because, while costing somewhat more than No. 
8, it creates more favorable conditions for the develop- 
ment of the city. This recommendation, however, is 
made contingent on the cession of the riparian owners’ 
rights on the existing river channel (to be abandoned 
under Project 7). 

A feature of these flood-protection projects as designed 
is that at most points their highest flood level is con- 
siderably below (5 to 14 ft. below) that of the 1915 
flood. As already stated, however, the levees are planned 
to be carried to a height of 12 ft. above flood level along 
the Scioto, and 6 ft. along the Olentangy, and the bank- 
full capacity of the improvement as projected would be 
one-third to one-half more than the nominal capacity. 


os 
ve 


Convention of the National Paving 
Brick Manufacturers’ Association 


The tenth annual meeting of the National Paving 
Brick Manufacturers’ Association, held in Cleveland. 
Ohio, Sept..17 and 18, was notable in a number of ways. 
In the first piace it was the second “annual” meeting 
held in 1913. By an amendment to the constitution, 
these meetings are now held in September instead of 
March in order that, if found advisable, part of the con- 
vention time may be given up to showing invited guests 
the manufacture or use of vitrified paving brick. The 
meeting was anique, as an engineering conference, in 
that fully two-thirds of those in attendance (over 300) 
were guests—engineers, road commissioners, ete., invited 
to inspect the city and country pavements of Cleveland 
and Cuyahoga County, where many miles of brick roads 
were seen. The meeting, finally, was remarkable for the 
brevity of formal session program. Besides some routine 
business, such as elections and business reports, there 
were only three formal papers, the rest of the two days 
being devoted te inspections-—and a banquet. 

The report of the President, C. J. Deckman, of Cleve- 
land, dealt with association activities largely, comment- 
ing on the present prosperity of the.industry, advising a 
policy (previously recommended to the companies) of re- 
fusing to supply brick on work not covered by approved 
specifications for laying (the association has adopted 
specifications of recommended practice with portland- 
cement-grout filler for brick on concrete, crushed stone 
and earth bases). He recommended the organization of 
an engineering inspection force which should coéperate 
with municipal or county authorities in seeing that ap- 
proved construction is secured wherever paving brick is 
being used. He also advised that production costs be 
studied among the companies, though prices should not 
be taken from a free competitive basis. 

The report of the Secretary, W. P. Blair, of Cleveland, 
also discussed association and industry developments in 
the six months since the last annual meeting. He called 
attention to the completion of the Chevy Chase (Mary- 
land) experimental brick road by the U. S. Office of 
Public Roads, and the proposed reconstruction of the 
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“National Road” eastward from Columbus, Ohio. He 
reported also that, instead of brick pavement being uni- 
versally used in the best manner possible, there was a 
yrowing tendency to use inadequate foundation, cushion 
and filler, a situation which had to be corrected by con- 
stant effort in teaching how best to use brick. Specifi- 
cations for the inspection and testing of paving brick 
were presented as recommended by a sub-committee of 
the American Society for Testing Materials. No action 
was taken by the Association, and none will be before the 
report is adopted or rejected by the Society. 

The report of the assistant secretary, H. H. MacDon- 
uld, of Cleveland, dealt with the publicity work of the 
Association, particularly in securing new members. The 
officers mentioned above were reélected. 


oo 
ve 


Vanadium Steel in Locomotive 
Construction* 


By Gro. L. Norrist 


In 1908, when several of the leading railways specified 
vanadium-steel parts for test purposes, only 53 locomotives 
were so equipped, or 2% of the total number built that year. 
Awaiting the outcome of these tests, but little vanadium steel 
was specified during 1909, but evidence of the success of these 
tests is shown by the marked increase in the specification of 
vanadium steel for locomotives built in 1910. From 1910 the 
use of vanadium steel in locomotive construction has been 
steadily increasing, and in 1912 over 25% of the locomotives 
built weighing over 200,000 Ib. had vanadium-steel parts. 

The earliest application was for cast-steel locomotive 
frames. A number of vanadium-steel frames were put into 
service early in 1907 and all of them are still in service with- 
out having failed. There are now over 5000 vanadium cast- 
steel frames in service, and for heavy locomotives they are 
rapidly becoming standard. Failures of vanadium frames 
have been insignificant, less than 0.5% from all causes. If 
we eliminate failures due to an especially weak point in de- 
sign, from wrecks or failure of other parts, the percentage is 
less than 0.1%. 

An investigation made a few years ago showed that frame 
failures constituted at least 20% of the cost of locomotive 
maintenance. The use of vanadium-steel frames, therefore, 
means a very substantial lowering in maintenance cost. 

While the principal application of vanadium cast steel has 
been for frames, it is being used to advantage for other cast- 
ings, as, in addition to its high elastic limit and dynamic 
strength, it has a much higher wear-resisting quality than 
ordinary cast steel. In breaking up scrap frames with an 
8000-1b. drop ball, eight or nine blows are not unusual for 
the vanadium frames, while carbon frames usually require 
only one or two blows ‘to break them. 

Vanadium-steel castings differ in composition from ordi- 
nary steel castings only by the presence of 0.16 to 0.25% of 
vanadium. The addition of this amount of vanadium in- 
creases the elastic limit 30 to 40% above that of the same 
steel without vanadium, in the annealed condition, and with- 
out decreasing the ductility as determined by elongation 
and reduction of area. In general the ductility is consider- 
ably increased as well. The dynamic strength, or resistance 
to repeated stresses, is very much increased, generally 50% 
or more, 

Coming to vanadium-alloy forging and machinery steels, 
chrome-vanadium steel is now being extensively used for 
such parts as tires, rolled wheels, axles, connecting rods, 
crankpins, piston rods, springs, air-brake pump tappet rods, 
valve motion, and various other parts subjected to repeated 
stresses and great wear. It responds perfectly to heat- 
treatment, giving a high elastic limit combined with hard- 
ness and great toughness and superior wear-resisting quali- 
ties. 

Tires and wheels form probably one of the largest single 
items of maintenance cost of locomotives, and the cost is 
constantly growing with the rapidly decreasing mileage due 
to increased loads and harder service. From the time that 
the weldless steel tire was invented by Krupp, in 1853, the 


*Abstract of a paper read at the September meeting of the 
Western Railway Club, Chicago. 
tAmerican Vanadium Co., Chicago. 





composition of the steel used has remained practi 
same. With the marked increase of weight and 
locomotive equipment that has taken place during 
ten or twelve years, the tire mileage has rapidly «a: 

It is evident that there is need of an improvement 
quality of the tires, not only to obtain better milea: 
present conditions but to successfully meet the mor 
conditions of the near future. 

The only way to improve the quality of the stee} 
general use is by heat-treatment of the tires. H 
this kind of steel is not especially suited to heat-tr: 
and only relatively small increases in physical proper: 
be obtained by this means, without increasing the a: 
the tire breaking through brittleness. During the pa 
there have been made and put into service about 160 
treated chrome-vanadium tires to specifications calling h 
elastic limit 75 to 100% greater than obtained in 0; . 
carbon tires and about 50% greater than for heat-t 
carbon tires. 

The specifications call for a falling-weight test as 
tensile test. In one of these tests 35 blows of a 22 
tup were given, without breaking the tire. Three blow 
from 10 ft. and 15 ft.; 4 blows from 20 ft.; 9 blows fr: 
ft; and 16 blows from 30 ft., the maximum height o: 
drop-testing machine. The test piece cut from the tire s 
ed the following properties; elastic limit, 122,000 Ib 
sile strength, 158,430 Ib.; elongation in 2 in., 50%; reduction 
of area, 41%. 

Steel-tired tender and coach wheels and rolled-siv+) 
wheels come in the same category as the locomotive driving 
wheel tires so far as fast wear is concerned. In additio; 
they are liable to give considerably less mileage per -it 
due to danger of shelling or flaking on the tread, whic! 
necessitates considerable loss in metal to remove these de- 
fects. 

The use of chrome-vanadium steel will doubtless reduc 
the liability to shell to very great extent, judging from th. 
micro-structure and physical properties of the vanadium 
steel. This opinion is apparently confirmed by the records 
of tender wheels on two roads that have had considerab) 
trouble from shelly treads. None of these steel-tired wheels 
have been reported as shelling. 

Springs represent another locomotive part that represents 
a large item in maintenance cost. They fail frequently and 
often settle soon after going into service. Chrome-vanadium 
steel with its high elastic limit, great toughness and resili- 
ency, is an ideal spring steel. It has double the co-efficient of 
safe working load of carbon steel and can be repeatedly 
overloaded without serious deterioration. On the Illinois 
Central R.R., two 4:6:0 locomotives of the same class, and 
operating in identical service over the same division, were 
equipped, one with carbon-steel springs and one with vana- 
cdium-steel springs. During one year, the former engine 
broke two driving and three truck springs, while of the 
vanadium springs only one driving and one truck spring 
failed. The average mileage of the carbon springs was {11,- 
296 miles for the driving and 40,230 miles for the truck 
springs. The average for the vanadium springs was 98,428 
miles for the driving and 79,567 miles for the truck springs 

For axles, side and main rods, crankpins, and piston 
rods, chrome-vanadium steel has proved its superiority both 
from the standpoint of freedom from failures and greatly in- 
creased mileage per unit of wear. There are several thous- 
ands af the forgings in service, and the failures have been a 
very minute fraction of the total. These parts are heat- 
treated to give an elastic limit of 80,000 to 100,000 Ib. with 
an elongation of not less than 20% in 2 in., and a reduction 
of area of not less than 50%. Axle and side rods and piston 
rods with these physical properties have been bent through 
180°. 

s 

A Railroad Speeder for Fire Protection is in use by the 
United States Forest Service on the San Joaquin & Eastern 
R.R., which runs through the Sierra National Forest, Cali- 
fornia. The speeder is a Ford roadster with a wvoden rear 
seat and flanged wheels. It is used to transport fire fighters 
and fire-fighting equipment, as well as supplies from one 
part of the forest to another. It is also used for patrol pur- 
poses. The ranger, or fire guard, who runs the speeder, car- 
ries with him an ax, hoe and rake. If he discovers an in- 
cipient fire along the right of way of the railroad he puts 
it out by beating the flames or digging a trench surrounding 
the burning area. Other equipments of this sort may pos- 
sibly be used in the National Forests later on, but there is 
particular need for the speeder in the Sierra Forest because 
of the difficulty of transporting fire apparatus by trails and 
roads there. The foregoing information was furnished at our 
request by Bristow Adams, of the United States Forest Ser- 
vice, Washington, D. C. 
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\ Boiler Exploded on the U. S. Destroyer “Craven,” en 
from Charleston, S. C., to Savannah. Ga., Sept. 10; two 
were killed and three were seriously scalded. 


Panama Canal Excavation during August totaled 2,658,785 
a daily average of 102,261 cu.yd. for each of the 26 
ing days. The rainfall for the month was 11.28 in. The 
int of concrete laid was 16,738 cu.yd. and 92,147 cu.yd. of 

were placed in dams. 


\ Train Fell through a Trestle 10 miles east of Jasper, 
_ Sept. 18, killing three men and injuring nine. A switch 
ine, tender and two loaded coal cars had nearly reached 

far end of a long wooden trestle when the structure col- 
sed plunging the train into a ravine 75 ft. below. The 
estle burned. 


A Cave-in Occurred, Sept. 10, in a railroad tunnel on the 

alker branch of the Fernley-Lassen extension of the South- 
rn Pacific System, six miles west of Susanville, Ore. The 
tunnel had recently been driven. One of the construction en- 
-ineers was killed, while two other men were injured. 


The City-Manager Plan is included in the commission gov- 
ernment charter adopted at Springfield, Ohio, on Aug. 26. The 
popular vote on the charter was 5957 for and 2657 against 
The city manager will be appointed by the commission and 
may be chosen from non-resident applicants 

The Engineering Positions under the Railway Valuation 
Roard of the Interstate Commerce Commission, for which ap- 
plications were received this summer by the Civil Service 
Commission, have not been filled. We are informed that all 
of the applicants have not as yet been rated, although the 
completion of that work is in sight. 


A Steel Chute, used for conveying concrete on a construc- 
tion job in Baltimore, Md., fell recently, injuring six work- 
men. The chute led from a 300-ft. steel tower up which the 
conerete was hoisted. The accident, according to press dis- 
patches, was due to the failure of a cable which helped to 
fasten the chute to the tower. 


Four Large Steel Car Floats were recently constructed at 
Fore River, Mass., for the New York, New Haven & Hartford 
R.R., for use in New York harbor. Each of the new floats 
has 17 water-tight compartments, is 343 ft. 6 in. x 40 ft. 1 in., 
with 5-ft. draft when ioaaed, ana 1s designed to carry 22 
loaded freight cars. Two of the floats have carried a com- 
bined load of 3341 tons. The floating equipment of this rail- 
road now comprises 50 car floats and 18 tugs. 


Contracts for the Construction of Six Destroyers, largest 
of their class, were awarded as follows: one at $884,000 to 
tath Iron Works, Bath, Me.; one at $861,000 to Fore River 
Shipbuilding Co., Quincy, Mass.; two at $825,000 each, to New 
York Shipbuilding Co., Camden, N. J.; two at $881,000 to Wil- 
liam Cramp & Sons Ship & Engine Co., Philadelphia, Penn. 
The destroyers will be each 310x29 ft.. 10-in. x 9-ft. 3-in. 
draft, will have a displacement of 1090 tons, and will carry 
four rapid-fire guns and four twin torpedo tubes. The speed 
will be 30 knots per hour. 


A Very Large Dry Dock was opened at Singapore, 
Straits Settlements, on Aug. 26. This dock, known as the 
King’s Dock, is the largest in the Far East. It is situ- 
ated in Keppel Harbor at Singapore. It has an overall length 
of 852 ft. with a length of 800 ft. on the blocks and by means 
of an intermediate caisson it can be divided into two com- 
partments, one 486 ft. and the other 325 ft. in length. At the 
eutrance it has a width of 100 ft. Between the coping stones 
and the body of the dock there is a distance of 128 ft. while 
the width of the floor is 90 ft. At low water the depth on 
the sill is 25 ft. and at high water 34 ft., and the approaches 
are dredged to a depth of 33 ft. below low water . 


The Greater Winnipeg Water District was created not long 
ago by the legislature of Manitoba, Canada. The district in- 
cludes Winnipeg and eight other municipalities. Its affairs 
are under the direct charge of three commissioners, ap- 
pointed by an administrative board consisting of the mayor 
and four members of the Board of Control of Winnipeg and 
also the mayors and reeves of the other municipalities in- 
cluded in the district. The district will go no further than 
to deliver water in bulk to the several municipalities. The 
cost will be apportioned according to the assessed value of 
the land in the different cities and towns. On Sept. 6 the 
district commissioners approved the Shoal Lake Aqueduct, 
outlined in the report by Messrs. Rudolph Hering, F. P. Stearns 
and James S. Fuertes, abstracted elsewhere in this issue. 
T. R. Deacon, Mayor of Winnipeg and president and direct- 
ing manager of the Manitoba Bridge & Iron Works, of that 
city, has played an important part in furthering the new wa- 
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ter-supply scheme and in the formation of the district H. N 
Ruttan is city engineer of Winnipeg 


The Busiest Railway Terminal in this country is the South 
Station, of Boston, Mass., which handles more trains, pas- 
sengers, baggage and mail per day than any othe, station. 
The largest railway station in this country in point of size 
is the recently completed Grand Central Terminal in New 
York City. These two stations are at the termini of the New 
York, New Haven & Hartford R.R., which railroad shares the 
former station with the Boston & Albany R.R., and the latter 
with the New York Central R.R. The total number of pas- 
sengers in and out of the South Station from July, 1912, to 
June, 1913, exceeded 28 million; the number in and out of the 
Grand Central exceeded 22 million. Almost twice as 
trains are handled each day at the South Station as 
Grand Central, but the number of cars per train 
at the latter. In spite of this tremendous traffic 
senger facilities of the Grand Central are far 
although at the present time about 62,000 persons use it 
daily. when completed the station will have capacity to 
handle 70,000 per hour. Twenty-one tracks have still to be 
completed, at this station, whereas at the South Station in 
Boston, all the tracks are now in use with the exception of 
the two suburban loop tracks whose operation must 
electrification. 


many 
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is greater 
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A New Dry Dock of Record Sise is to be built by the Canad- 
ian government on the St. Lawrence River, near Levis, Que- 
bec, across the river from the city of Quebec. The dry dock 
will have the following dimensions: length from caisson stop 
to head wall, 1150 ft.; width of entrance, 120 ft.; depth on 
sill at ordinary high water, 40 ft It will be divided in two 
parts, 650 and 500 ft. respectively, the outer entrance will be 
closed by a steel rolling caisson, and a floating caisson will 
close the inner entrance. The dock will be emptied by three 
electrically driven centrifugal pumps, each having a eapatity 
of 60,000 gal. per min., the current being furnished by three 
turbo-generators. 

The design and construction are under the direction of the 
Department of Public Works of Canada, Eugene D. Lafleur, 
Chief Engineer, and E. A. Hoare, of Quebec, has been ap- 
pointed to supervise the execution of the work. 

The Levis dock will be when completed the largest dry 
dock in the world, slightly larger than the present design 
of the new dry dock under consideration for the port of Bos- 
ton. This latter dock is not now intended to be quite as 
large as stated in the note in our issue of Aug. 28, 1913, p. 
435, but will be of the size noted in the following table show- 
ing the three largest dry docks, one completed, one under 


construction and one under design: 
Clear Max. 
Location length Width depth Date 
een | CON, 6 as koe 1150 120 45 Under construction 
Beston, Mass..... 1150 120 35 Under design 
Gladstone Dock, 
Liverpool, Eng... 1020 120 46 1913 


The Influence of Vibration on Magnetic Properties was in- 
vestiyated by E. Gumlich and W. Steinhaus in the Physika- 
lisch-Technishe Reichsanstalt (Berlin). They conclude from 
tests that oft-repeated jarring or vibration such as occurs 
during railway transportation lowers the magnetic qualities 
of annealed dynamo core sheets by reducing the permeability 
and increasing the hysteresis loss. The tests on which this 
conclusion is found (“Stahl und Eisen”) were made on small 
samples of sheet steel shaken in a specially arranged tumb- 
ler for subjecting them to shock and vibration. 


A Head 
tween two 


Collision on the Long Island R.R. occurred 
electric all-steel trains, Sept. 22, in a 20-ft 
on a sharp curve, under a bridge at College Point, Long Is- 
land, N. Y. A train bound for Whitestone Landing, N. Y., 
made up of two cars containing but few passengers, was 10 
min. late and running at about 10 mi. per hr., not having 
gotten up to speed since its stop at College Point, Another 
train, consisting of five cars containing several hundred pas- 
sengers bound for New York was 20 min. late and traveling 
at about 40 mi. per hr. In the collision both motormen were 
killed as was also a conductor of the railroad who was on 
his way to New York to report for duty. Five passengers 
were sent to hospitals while 49 others sustained minor in- 
juries which were treated at the scene of the wreck. Oonly 
three of the cars were damaged, the two head cars and the 
second of the train for New York. 

The wreck, in the opinion of Coroner Ambler, College 
Point, and J. A. McCrea, General Manager, Long Island R.R., 
according to press dispatches, was due to disregard by the 
signalman in the Whitestone Junction signal tower, of Rule 5 
of the railroad, which orders that “at the end of double 
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“National Road” eastward from Columbus, Ohio. He 
reported also that, instead of brick pavement being uni- 
versally used in the best manner possible, there was a 
yrowing tendency to use inadequate foundation, cushion 
and filler, a situation which had to be corrected by con- 
stant effort in teaching how best to use brick. Specifi- 
cations for the inspection and testing of paving brick 
were presented as recommended by a sub-committee of 
the American Society for Testing Materials. No action 
was taken by the Association, and none will be before the 
report is adopted or rejected by the Society. 

The report of the assistant secretary, H. H. MacDon- 
uld, of Cleveland, dealt with the publicity work of the 
Association, particularly in securing new members. The 
officers mentioned above were reélected. 
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Vanadium Steel in Locomotive 
Construction* 


By Gro, L. Norrisf 


In 1908, when several of the leading railways specified 
vanadium-steel parts for test purposes, only 53 locomotives 
were so equipped, or 2% of the total number built that year. 
Awaiting the outcome of these tests, but little vanadium steel 
was specified during 1909, but evidence of the success of these 
tests is shown by the marked increase in the specification of 
vanadium steel for locomotives built in 1910. From 1910 the 
use of vanadium steel in locomotive construction has been 
steadily increasing, and in 1912 over 25% of the locomotives 
built weighing over 200,000 Ib. had vanadium-steel parts. 

The earliest application was for cast-steel locomotive 
frames. A number of vanadium-steel frames were put into 
service early in 1907 and all of them are still in service with- 
out having failed. There are now over 5000 vanadium cast- 
steel frames in service, and for heavy locomotives they are 
rapidly becoming standard. Failures of vanadium frames 
have been insignificant, less than 0.5% from all causes. If 
we eliminate failures due to an especially weak point in de- 
sign, from wrecks or failure of other parts, the percentage is 
less than 0.1%. 

An investigation made a few years ago showed that frame 
failures constituted at least 20% of the cost of locomotive 
maintenance. The use of vanadium-steel frames, therefore, 
means a very substantial lowering in maintenance cost. 

While the principal application of vanadium cast steel has 
been for frames, it is being used to advantage for other cast- 
ings, as, in addition to its high elastic limit and dynamic 
strength, it has a much higher wear-resisting quality than 
ordinary cast steel. In breaking up scrap frames with an 
8000-lb. drop ball, eight or nine blows are not unusual for 
the vanadium frames, while carbon frames usually require 
only one or two blows to break them. 

Vanadium-steel castings differ in composition from ordi- 
nary steel castings only by the presence of 0.16 to 0.25% of 
vanadium. The addition of this amount of vanadium in- 
creases the elastic limit 30 to 40% above that of the same 
steel without vanadium, in the annealed condition, and with- 
out decreasing the ductility as determined by elongation 
and reduction of area. In general the ductility is consider- 
ably increased as well. The dynamic strength, or resistance 
to repeated stresses, is very much increased, generally 50% 
or more. 

Coming to vanadium-alloy forging and machinery steels, 
chrome-vanadium steel is now being extensively used for 
such parts as tires, rolled wheels, axles, connecting rods, 
crankpins, piston rods, springs, air-brake pump tappet rods, 
valve motion, and various other parts subjected to repeated 
stresses and great wear. It responds perfectly to heat- 
treatment, giving a high elastic limit combined with hard- 
ness and great toughness and superior wear-resisting quali- 
ties. 

Tires and wheels form probably one of the largest single 
items of maintenance cost of locomotives, and the cost is 
constantly growing with the rapidly decreasing mileage due 
to increased loads and harder service. From the time that 
the weldless steel tire was invented by Krupp, in 1853, the 


*Abstract of a paper read at the September meeting of the 
Western Railway Club, Chicago. 
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composition of the steel used has remained practi: 
same. With the marked increase of weight and » 
locomotive equipment that has taken place during 
ten or twelve years, the tire mileage has rapidly de. 

It is evident that there is need of an improvement 
quality of the tires, not only to obtain better mileag 
present conditions but to successfully meet the mor: 
conditions of the near future. 

The only way to improve the quality of the stee! 
general use is by heat-treatment of the tires. H, 
this kind of steel is not especially suited to heat-tr. 
and only relatively small increases in physical propert 
be obtained by this means, without increasing the dan 
the tire breaking through brittleness. During the pa 
there have been made and put into service about 106( 
treated chrome-vanadium tires to specifications calling 
elastic limit 75 to 100% greater than obtained in 0; 
earbon tires and about 50% greater than for heat-t; 
carbon tires. 

The specifications call for a falling-weight test as 
tensile test. In one of these tests 35 blows of a 22 
tup were given, without breaking the tire. Three blows 
from 10 ft. and 15 ft.; 4 blows from 20 ft.; 9 blows fro, 
ft; and 16 blows from 30 ft., the maximum height o; 
drop-testing machine. The test piece cut from the tire s! 
ed the following properties; elastic limit, 122,000 Ib.; ton 
sile strength, 158,430 lb.; elongation in 2 in., 50%; reducti 
of area, 41%. 

Steel-tired tender and coach wheels and rolled-stey) 
wheels come in the same category as the locomotive driving- 
wheel tires so far as fast wear is concerned. In addition 
they are liable to give considerably less mileage per |, -in 
due to danger of shelling or flaking on the tread, which 
necessitates considerable loss in metal to remove these de- 
fects. 

The use of chrome-vanadium steel will doubtless reduc 
the liability to shell to very great extent, judging from th. 
micro-structure and physical properties of the vanadium 
steel. This opinion is apparently confirmed by the records 
of tender wheels on two roads that have had considerab). 
trouble from shelly treads. None of these steel-tired wheels 
have been reported as shelling, 

Springs represent another locomotive part that represents 
a large item in maintenance cost. They fail frequently and 
often settle soon after going into service. Chrome-vanadium 
steel with its high elastic limit, great toughness and resili- 
ency, is an ideal spring steel. It has double the co-efficient of 
safe working load of carbon steel and can be repeatedly 
overloaded without serious deterioration. On the Illinois 
Central R.R., two 4:6:0 locomotives of the same class, and 
operating in identical service over the same division, were 
equipped, one with carbon-steel springs and one with vana- 
cium-steel springs. During one year, the former engine 
broke two driving and three truck springs, while of the 
vanadium springs only one driving and one truck spring 
failed. The average mileage of the carbon springs was 41,- 
296 miles for the driving and 40,230 miles for the truck 
springs. The average for the vanadium springs was 98,428 
miles for the driving and 79,567 miles for the truck springs 

For axles, side and main rods, crankpins, and piston 
rods, chrome-vanadium steel has proved its superiority both 
from the standpoint of freedom from failures and greatly in- 
creased mileage per unit of wear. There are several thous- 
ands of the forgings in service, and the failures have been a 
very minute fraction of the total. These parts are heat- 
treated to give an elastic limit of 80,000 to 100,000 Ib. with 
an elongation of not less than 20% in 2 in., and a reduction 
of area of not less than 50%. Axle and side rods and piston 


rods with these physical properties have been bent through 
180°. 
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A Rallroad Speeder for Fire Protection is in use by the 
United States Forest Service on the San Joaquin & Eastern 
R.R., which runs through the Sierra National Forest, Cali- 
fornia. The speeder is a Ford roadster with a wvwoden rear 
seat and flanged wheels. It is used to transport fire fighters 
and fire-fighting equipment, as well as supplies from one 
part of the forest to another. It is also used for patrol pur- 
poses. The ranger, or fire guard, who runs the speeder, car- 
ries with him an ax, hoe and rake. If he discovers an in- 
cipient fire along the right of way of the railroad he puts 
it out by beating the flames or digging a trench surrounding 
the burning area. Other equipments of this sort may pos- 
sibly be used in the National Forests later on, but there is 
particular need for the speeder in the Sierra Forest because 
of the difficulty of transporting fire apparatus by trails and 
roads there. The foregoing information was furnished at our 
request by Bristow Adams, of the United States Forest Ser- 
vice, Washington, D. C. 








ptember 25, 1913 


\ Boiler Exploded on the U. S. Destroyer “Craven,” en 
from Charleston, S. C., to Savannah. Ga., Sept. 10; two 
were killed and three were seriously scalded. 


Panama Canal Excavation during August totaled 2,658,785 

. a daily average of 102,261 cu.yd. for each of the 26 
<ing days. The rainfall for the month was 11.28 in. The 
unt of concrete laid was 16,738 cu.yd. and 92,147 cu.yd. of 
were placed in dams. 


\ Train Fell through a Trestle 10 miles east of Jasper, 
., Sept. 18, killing three men and injuring nine. A switch 
ine, tender and two loaded coal cars had nearly reached 

far end of a long wooden trestle when the structure col- 
sed plunging the train into a ravine 75 ft. beiow. The 
estle burned. 


A Cave-in Occurred, Sept. 10, in a railroad tunnel on the 
valker branch of the Fernley-Lassen extension of the South- 
rn Pacific System, six miles west of Susanville, Ore. The 
tunnel had recently been driven. One of the construction en- 
-ineers was killed, while two other men were injured. 


The City-Manager Pian is included in the commission gov- 
ernment charter adopted at Springfield, Ohio, on Aug. 26. The 
popular vote on the charter was 5957 for and 2657 against. 
The city manager will be appointed by the commission and 
may be chosen from non-resident applicants. 

The Engineering Positions under the Railway Valuation 
Board of the Interstate Commerce Commission, for which ap- 
plications were received this summer by the Civil Service 
Commission, have not been filled. We are informed that all 
of the applicants have not as yet been rated, although the 
completion of that work is in sight, 


A Steel Chute, used for conveying concrete on a construc- 
tion job in Baltimore, Md., fell recently, injuring six work- 
men. The chute led from a 300-ft. steel tower up which the 
concrete was hoisted. The accident, according to press dis- 
patches, was due to the failure of a cable which helped to 
fasten the chute to the tower. 


Four Large Steel Car Floats were recently constructed at 
Fore River, Mass., for the New York, New Haven & Hartford 
R.R., for use in New York harbor. Each of the new floats 
has 17 water-tight compartments, is 343 ft. 6 in. x 40 ft. 1 in., 
with 5-ft. draft when ioaqaed, and 1s designed to carry 22 
loaded freight cars. Two of the floats have carried a com- 
bined load of 3341 tons. The floating equipment of this rail- 
road now comprises 50 car floats and 18 tugs. 


Contracts for the Construction of Six Destroyers, largest 
of their class, were awarded as follows: one at $884,000 to 
Bath Iron Works, Bath, Me.; one at $861,000 to Fore River 
Shipbuilding Co., Quincy, Mass.; two at $825,000 each, to New 
York Shipbuilding Co., Camden, N. J.; two at $881,000 to Wil- 
liam Cramp & Sons Ship & Engine Co., Philadelphia, Penn. 
The destroyers will be each 310x29 ft., 10-in. x 9-ft. 3-in. 
draft, will have a displacement of 1090 tons, and will carry 
four rapid-fire guns and four twin torpedo tubes. The speed 
will be 30 knots per hour. 


A Very Large Dry Deck was opened at Singapore, 
Straits Settlements, on Aug. 26. This dock, known as the 
King's Dock, is the largest in the Far East. It is situ- 
ated in Keppel Harbor at Singapore. It has an overall length 
of 852 ft. with a length of 800 ft. on the blocks and by means 
of an intermediate caisson it can be divided into two com- 
partments, one 486 ft. and the other 325 ft. in length. At the 
eutrance it has a width of 100 ft. Between the coping stones 
and the body of the dock there is a distance of 128 ft. while 
the width of the floor is 90 ft. At low water the depth on 
the sill is 25 ft. and at high water 34 ft., and the approaches 
are dredged to a depth of 33 ft. below low water . 


The Greater Winnipeg Water District was created not long 
ago by the legislature of Manitoba, Canada. The district in- 
cludes Winnipeg and eight other municipalities. Its affairs 
are under the direct charge of three commissioners, ap- 
pointed by an administrative board consisting of the mayor 
and four members of the Board of Control of Winnipeg and 
also the mayors and reeves of the other municipalities in- 
cluded in the district. The district will go no further than 
to deliver water in bulk to the several municipalities. The 
cost will be apportioned according to the assessed value of 
the land in the different cities and towns. On Sept. 6 the 
district commissioners approved the Shoal Lake Aqueduct, 
outlined in the report by Messrs. Rudolph Hering, F. P. Stearns 
and James S. Fuertes, abstracted elsewhere in this issue. 
T. R. Deacon, Mayor of Winnipeg and president and direct- 
ing manager of the Manitoba Bridge & Iron Works, of that 
city, has played an important part in furthering the new wa- 
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ter-supply scheme and in the formation of the district H. N 
Ruttan is city engineer of Winnipeg. 


The Busiest Railway Terminal in this country is the South 
Station, of Boston, Mass., which handles more trains, pas- 
sengers, baggage and mail per day than any othe, station. 
The largest railway station in this country in point of size 
is the recently completed Grand Central Terminal in New 
York City. These two stations are at the termini of the New 
York, New Haven & Hartford R.R., which railroad shares the 
former station with the Boston & Albany R.R., and the latter 
with the New York Central R.R. The total number of pas- 
sengers in and out of the South Station from July, 1912, to 
June, 1913, exceeded 28 million; the number in and out of the 
Grand Central exceeded 22 million. Almost twice as many 
trains are handled each day at the South Station as at the 
Grand Central, but the number of cars per train is greater 
at the latter. In spite of this tremendous traffic the pas- 
senger facilities of the Grand Central are far from taxed; 
although at the present time about 62,000 persons use It 
daily. when completed the station will have capacity to 
handle 70,000 per heur. Twenty-one tracks have still to be 
completed, at this station, whereas at the South Station in 
Boston, all the tracks are now in use with the exception of 
the two suburban loop tracks whose operation must await 
electrification. 


A New Dry Dock of Record Size is to be built by the Canad- 
ian government on the St. Lawrence River, near Levis, Que- 
bec, across the river from the city of Quebec. The dry dock 
will have the following dimensions: length from caisson stop 
to head wall, 1150 ft.; width of entrance, 120 ft.; depth on 
sill at ordinary high water, 40 ft It will be divided in two 
parts, 650 and 500 ft. respectively, the outer entrance will be 
closed by a steel rolling caisson, and a floating caisson will 
close the inner entrance. The dock will be emptied by three 
electrically driven centrifugal pumps, each having a ecapatity 
of 60,000 gal. per min., the current being furnished by three 
turbo-generators. 

The design and construction are under the direction of the 
Department of Public Works of Canada, Eugene D. Lafleur, 
Chief Engineer, and E. A. Hoare, of Quebec, has been ap- 
pointed to supervise the execution of the work. 

The Levis dock will be when completed the largest dry 
dock in the world, slightly larger than the present design 
of the new dry dock under consideration for the port of Bos- 
ton. This latter dock is not now intended to be quite as 
large as stated in the note in our issue of Aug. 28, 1913, p. 
435, but will be of the size noted in the following table show- 
ing the three largest dry docks, one completed, one under 
construction and one under design: 


Clear Max. 
Location length Width depth Date 
Levis, Que......... 1150 120 45 Under construction 
Beston, Mass....... 1150 120 35 Under design 
Gladstone Dock, 
Liverpool, Eng... 1020 120 46 1913 


The Influence of Vibration on Magnetic Properties was in- 
vestigated by E. Gumlich and W. Steinhaus in the Physika- 
lisch-Technishe Reichsanstalt (Berlin). They conclude from 
tests that oft-repeated jarring or vibration such as occurs 
during railway transportation lowers the magnetic qualities 
of annealed dynamo core sheets by reducing the permeability 
and increasing the hysteresis loss. The tests on which this 
conclusion is found (“Stahl und Eisen”) were made on small 
samples of sheet steel shaken in a specially arranged tumb- 
ler for subjecting them to shock and vibration. 


A Head Collision on the Long Island R.R. occurred be- 
tween two electric all-steel trains, Sept. 22, in a 20-ft. cut 
on a sharp curve, under a bridge at College Point, Long Is- 
land, N. Y. A train bound for Whitestone Landing, N. Y., 
made up of two cars containing but few passengers, was 10 
min. late and running at about 10 mi. per hr., not having 
gotten up to speed since its stop at College Point, Another 
train, consisting of five cars containing several hundred pas- 
sengers bound for New York was 20 min. late and traveling 
at about 40 mi. per hr. In the collision both motormen were 
killed as was also a conductor of the railroad who was on 
his way to New York to report for duty. Five passengers 
were sent to hospitals while 49 others sustained minor in- 
juries which were treated at the scene of the wreck. Oonly 
three of the cars were damaged, the two head cars and the 
second of the train for New York. 

The wreck, in the opinion of Coroner Ambler, College 
Point, and J. A. McCrea, General Manager, Long Island R.R., 
according to press dispatches, was due to disregard by the 
signalman in the Whitestone Junction signal tower, of Rule 5 
of the railroad, which orders that “at the end of double 
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tracks when signalmen are on duty, signals wi'l not be given 
to trains to enter single tracks until ail superior overdue 
trains have arrived or orders have been given permitting in- 
ferior trains to proceed.” Superior trains, between midnight 
and noon on the Long Island R.R., are considered to be all 
those bound for New York, Hence, according to the railroad 
Officials, the towerman should have held up the _ inferior 
(Whitestone Landing) train until the other had passed his 
tower and onto the main line. Instead, he allowed the former 
to enter the single track before the superior train had left it. 
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Mr. R. W. Powrie has been appointed district engineer of 
the Chicago, Milwaukee & St. Paul Ry., at Minneapolis, suc- 
ceeding Mr. M. D. Rhame 

Mr. Howard S. Reed, Assoc. M. Am. Soc. C. E., for the past 
eight years connected with the United States Reclamation 
Service, has resigned his position. 

Mr. Alfredo C. R. Janni, who for some time has been con- 
nected with the Bridge Department of the city of St. Louis, 
has removed to New York City and has opened there an office 
as Consulting Engineer. 

Mr. Wiley F. Corl, M. Am. Soc. E. E., formerly Electrical 
Engineer, Arnold Co., Chicago, will have charge of the new 
electrical department of Allen & Garcia, Consulting and Con- 
structing Engineers, Chicago. 

Mr. W. H. Fisher, for the past four years connected with 
the engineering department of the city of Spokane, Wash., 
has resigned his position to devote his services to the Graff 
Construction Co., Seattle, Wash. 

Mr. John P. Hogan, Assoc. Am. Soc. C. E., formerly Engi- 
neer in charge of the Esopus division of the Catskill aque- 
duct, has been transferred to New York City where he will 
direct the work on the reservoir and conduit division of the 
city aqueduct department, Board of Water Supply. 

Mr. T. R. Agg, Road ngineer for the Illinois Highway 
Comission, was recently elected Assistant Professor of Civil 
Engineering, Iowa State Collez>, in charge of highway engi- 
neering Mr. Agg also will be connected with the work in 
Road Experimentation for which an annual appropriation of 
$10,000 by the state is available. 

Mr. Chester L. French, formerly Superintendent of the 
Connellsville division of the Balt.:nore & Ohio R.R., has been 
promoted to be Assistant General Siuperintendent of the Pitts- 
burgh division. Mr. L. O. Eaton formerly Assistant Super- 
intendent of the Connellsville d vision, will succeed Mr. 
French, as Superintendent of the | itter division. 

Mr. Wm. H. Foster, until rece: tly Superintendent of the 
Old Colony division, New York, New Haven & Hartford R.R., 
has been appointed, to take effect Sept. 15, Superintendent of 
the Shore Line division of the same railroad, Mr. Henry C. 
Oviatt, formerly Assistant Mechanical Engineer, is appointed 
Superintendent of the Old Colony division, succeeding Mr. 
Foster. 

Mr. Charles H. Motsett, Freight Trainmaster, New York, New 
Haven & Hartford R.R., has been appointed Superintendent 
ef the New York Division, with offices at Harlem Piver, New 
York City, Mr. Motsett began railroad work in 1891 as yard 
clerk for the Rock Island Lines. He served as trainmaster of 
the Minneapolis & St. Louis R.R. 1905-8, when he was ap- 
pointed Freight Trainmaster for the New Haven, at Harlem 
River. 

Mr. Everett E. Stone, M. Am. Soc. C. E., former Mayor of 
Springfield, Mass., was nominated by Governor Foss, on Sept. 
17, and the nomination confirmed by the Executive Council, 
as a member of the Public Service Commission of Massa- 
chusetts, succeeding Mr. George P. Lawrence, resigned. Mr. 
Stone was for a number of years connected with the engi- 
neering department of the Boston & Albany R.R. His pres- 
ent appointment is for three years. 


Messrs. Arthur H. Blanchard, M. Am. Soc. C. E., Consulting 
Highway Engineer and Professor in charge of the Graduate 
Course in Highway Engineering, Columbia University, New 
York City, and Prevost Hubbard, Consulting Chemist, in 
charge of the Division of Roads and Pavements, Institute of 
Industrial Research of Washington, D. C., and Lecturer in 
Highway Engineering Chemistry, Columbia University, have 
formed a partnership under the firm name of Blanchard & 
Hubbard, Highway Efficiency Experts, New York City. At 
present Messrs. Blanchard and Hubbard are retained on the 
Advisory Highway Board for the New York State Depart- 
ment of Efficiency and Economy. 
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Seth Collins Adams, an electrical engineer, connect 
the Westinghouse Electric & Manufacturing Co., at N: 
City, died at his home in Rochelle Park, New Roche!] 
Mr. Adams was born in 1866 and was a graduate of Ha 


College. 


David E. Whitford, who served in the department 
State Enginer and Surveyor, of New York, from 1852 
few months ago, died at his home in Syracuse, N. y 
12. Mr. Whitford was born in Saratoga County, N. y 
30, 1829. In the State Engineer’s department he ros: 
chainman to division engineer. 


Colonel James Ross, M. Am. Soc. C. E., M. Can. Sov 
financier and railroad builder, died at Montreal, Qu 
20, of heart trouble, after an illness lasting two weeks 
Koss was born in Scotland in 1848, came to the United + 
at the age of 20 years, where he was early identified 
the Wisconsin Central R.R. He later went to Canada wu 
come chief enginer and later, general manager, of th, 
toria R.R. In 1873 he built the Credit Valley Ry. Co), 
toss commenced the construction of the Canadian Pacifi 
west of Winnipeg, when he was 35 years of age. Two 
later the line was completed over the Rocky Mountains. |)y»- 
ing the past 20 years he was interested principally in trac- 
tion, power and mining operations. At the time of his death 
he was President of the Dominion Coal Co. reorganized py 
himself, which is identified with the coat industry of Nova 
Scotia. 
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ENGINEERIN SOCIETIES 
COMING MEETINGS 
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INTERNATIONAL CONGRESS OF REFRIGERATION, 
— 17-Oct. 1. Third congress, at Chicago, Il. 
Secy., J. F. Nickerson, Chicago. 
AMERICAN ROAD CONGRESS. 
Sept. 29-Oct. 4. Annual convention at Detroit, Mich. 
Gen. Secy., J. E. Pennybacker, Colorado Bldg., Washing- 
ton, D. C. 
AMERICAN SOCIETY OF MUNICIPAL IMPROVEMENTS. 
Oct. 7-10. Annual convention at Wilmington, Del. Seecy., 
Geo. H. McGovern, Chamber of Commerce, Wilmington 
Jel. 
‘NATIONAL FIRE PROTECTION ASSOCIATION. 
Oct. 13-18. Conference at Philadelphia, Penn. Secy., Frank- 
lin H. Wentworth, 87 Milk St., Boston, Mass. 
RAILWAY SIGNAL ASSOCIATION. 
Oct. 14-16. Annual meeting at Nashville, Tenn. Secy., C. C. 
Rosenberg, Times Building, Bethlehem, Penn. 
AMERICAN ELECTRIC RAILWAY ASSOCIATION. 
Oct. 13-17. Annual convention at Atlantic City, N. J. Secy., 
H. C. Donecker, 29 West 39th St., New York City. 
AMERICAN GAS INSTITUTE. 
Oct. 15-17. Annual meeting at Richmond, Va. Secy., Geo. 
G. Ramsdell, 29 West 39th St., New York City. 
NATIONAL SOCIETY FOR PROMOTION OF INDUSTRIAL 
EDUCATION. 3 
Oct. 19-25. Annual convention at Grand Rapids, Mich 
Secy., C. A. Prosser, 105 E. 22d St., New York City. 
AMERICAN MINING CONGRESS. 
Oct. 20-25. Annual] convention at Philadelphia, Penn. Secy., 
J. Callbreath, Majestic Building, Denver, Colo. 


AMERICAN RAILWAY BRIDGE AND BUILDING ASSO- 
CIATION. 
Oct. 21-23. Annual convention at Montreal, Que. Secy., C. 
A. Lichty, 319 North Waller Ave., Chicago, Ill. 


NATIONAL ASSOCIATION OF RAILWAY COMMISSIONERS. 
Oct. 28. Annual Convention at Washington, D. C. Secy., 
Wm. H. Connolly, Interstate Commerce Commission, 

Washington, D. C. 

American Petroleum Society—The society was organized. 
Sept. 10, at the Experiment Station, United States Bureau 
of Mines, Pittsburgh, Penn., and is the result of a seven- 
years’ effort on the part of the bureau to bring together 
those interested in the petroleum industry. The principal of- 
ficers are: President, C. D. Chamberlin; National Petroleum 
Association, Cleveland, Ohio; Secretary, Dr. Irving C. Allen, 
U. S. Bureau of Mines, Pittsburgh, Penn. 

National Founders’ Association—The next convention wil! 
be held at the Hotel Astor, New York City, Nov. 19-20. The 
secretary is J. M. Taylor, 29 So. La Salle St., Chicago, II. 

American Association for the Advancement of Science— 
The next meeting will be held in Atlanta, Ga, Dec. 29-Jan 
3, 1914, under the presidency of Dr. Edmund B. Wilson, Co- 
lumbia University, New York City. The general secretary is 
L. O. Howard, Smithsonian Institution, Washington, D. C. 





